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. VUVl mULmII ✓ 

JlOcVU 2U*UVl uUUaII • 
Fundamental Operations with Numbers 

Four Operations with Numbers jIOaVU uUUa gjj! 

a + Z> fr^A^Ji J) ^^jjjiji b j a ^i-uJI -Up Addition 

. 3 + 2 = 5 dUi JLpj 
a - JyiJI J J ^^JSji api^l^fc^l^^l? jup Subtraction 

. 6-4 = 2 dJJi JLpj Z> 
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C— c i-uJi j* b j a j>}J* J-*>^ Multiplication ujuJI 

,<JJUi ^jSl ^ x io^Uj * r i J jA\ J I ^jJiJ . a*b-c 

5 x 3 = 5 • 3 = (5) (3)= 15 

^■jLj- u.-:.Ci £ p-i^l ^jJLp a j»_5^JI 4a Jljlp Division A^oSll 

jJJaj. . aJLp £ j f j), -Sail a t^*- a/b j\ ^ j\ a + b '< U~J& \ 

System of Real Numbers Jld^Vl Iij&m 

^y'^i ^jip 4JLi>JI iljiP^l lojlaia (£y*J 

^ pJL^-Jj 1,2,3,4 Natural numbers i^uJaJl • 

li) . ilJipSll} C*> \ ij yu'j juJI 

. llcwJs ^■J* *»«~^ j^Soi iljLP^fl olft 

j^-^JI jl Positive rational numbers A>jii Sjj-^l aLL*Sf» • 
8/5 j I 2/3 JjLo ^^^rj^ {j*p*^»L*0 i*— 5 ^rj^>- *-?ry^\ 
>\X*H\ <L*y>*u> {J J* ^li^l iljLP^I J^JLii- . 121/17 jl 
. 3 ^..Ml iJL*ll 3/1 ^^^1 iJuJI viAiS J* . h» 

Positive irrational numbers ?U9rJ>\hj~S sSJ^ty . 

. 71 jj V2~ Jio ^^^j****-^ 

JjU oI—JUjo d ^J^^fl iojlaiJ 0 Zero yi^aJI • 

^ jap ^! ^ij^> la I 4j| i^^- yUai) • 10 - 10 jl 6 - 6 
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. ijL^s ^bil jjSo, l^iyg ( j~J iJip ^^ip yL*aJ1 ift— 5 . lyistf gJUJl 

UUI i, ^-£1 aljt^lj Negative integers UUI *>^s*Jl jIjlp^I • 

<JL-JI aj.j— S' ■ . «J I ilj pS/Ij Negative rational numbers 

Lfc JLij{ V~2~ j -2/3 j -3 Jjlo Negative irrational numbers 
. 2-2-JT j 71-2 71 ji 2- 8 JJU oULju ^ft ,..ri iljL-cSlI Qjhra 




>li£U ^Lull jJUill 
Graphical Representation of Real Numbers 

dUi p\j>-i • ^ ^ hS;< 4JLi>JI ftijVl J*iAj' SiU- JljUI j* 
+3 j +2 j +1 vtjaJI a>^>«^aII J-^y . J^Ml iLa aLaJI 

^ J +3 j +2 j +1 Jlju JaiJl ^yJLc JaJLJ\j j 

^ ( 1-1 JS^i >il ) J-^'^l ikii ^ ^yJI otJb-jJt 

JaiJLj J-^2i' .... J -3 J -2 J -1 iJLJI i^j^l ildP^I ul 
v-~S>-J1 ^JLp ot-Jb^l ^ j3 j2 jl Jlaj ^ JaiJI L5 lt 

. J-^Sfl iLa jLw 

— ! 1 1 1-+— : h-^H i 1 i 1 — 

-S -4 -3 -: ^ -1 0 C +• +2 +3 44 +3 
1-1 Jtt 
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jl^j r ilaiJL -ll jt -3/2 ^JU! iJuJ! J£*j . +1 jO j« iiL-xJt 

. J-sd^l iJaii jLj. ^^Ip oJlp-j 1-j 



Ja^Jl ^ B aLaJ j*^ JLp A 4k£jt Cu^J &}i . AJLibJI 




Sets of Real Numbers Ul jlarff uUi 

4iA)l . oUiJt iW-b 4^La»J) ilJLpSh <ajh;a jp ^.n.v.U 
J_o aJLajJI eJLA *\j>-\ <>*^j C*l\£ lij U aJlaaJ 4>hOj tJjZ>Lja l$J • 

4_»fcjd X iutill jJ- j ci . 4„,„;il.l l^aiP LUjI jj& iiill jj^^p 

is^xJI X iP^A^JI ^ b J a ^LlaJI J* ^ jlT I3>j * 4,Un\\ 

JlJLP iLtiJI L5 _ ft j-^aiP JU* jlS" lit SJajJ <t>*~J bJ^-j l$J • 

vl*- *> «j X 4_ti3i J_^o j ^ ..Alull iiLiA jLT bj * SJb-J L^J 

. X iiill ^fl a ^LnJ! J53 j*a = a*j = a 
jjj i-Jb Jjjiji' JUP 4j! ^ >./>*.] iiiJI bJl_A j_jo ^>-T j+ale- JU* Jj-£j 

L^jll ^j-* 4-?^rJ1 aJUjJI oJla ^lji^,L ^^^ajjjl 
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Uj_So 1 cJJLP ^l&ul t$J <ul«* * J 4i»«*Xi j oJLs-^J! l^J 4iS ^yb 

. a'* a=j j a* a'=j 
iU«j**M iw»U- - ^^>>-V - W ^J^f. d\ • 

Properties of Real Numbers ULuMl ^Ij^ • 

. Commutative property for addition £**JJ JlJ— >)M • 

^ 4*-^ ^ V 

a+b=b+a 5+3=3+5=8 
^^SUj . Associative property for addition £*^*AJ 4--*^ • 

a + (b + c) = (a + b) + c = a + b + c 
3 + (4+ l) = (3 + 4) +1=3+4+1 = 8 

Commutative property for multiplication t-JjJaU 1 ^-^^ • 

a»b = b»a 2«>5=5»2=10 
Associative property for multiplication <—» jJaJJ a^-Vl ij-*^ • 

. 'i>%^S\ ^j.p ^jjj v jjJij iij^ iJ^^ 2?*^ c^*^- 

a(bc) = (ab)c = abc 3(4 • 6) = (3 • 4)6 = 3 • 4 • 6 = 72 
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Distributive property for f^y*£ ^ <-Jj-iaAJ gijj-^ *3-^t->" • 
^y^yf> ^ a iJuJl ^j^> J^U- . multiplication over addition 

. ac j ab ^ j^a\\ j^JL^U- ^y^a (Jj\~*i (b + c) Ji*JjA\ 

a(b + c) = ab + ac, 4(3 +2) = 4 • 3 + 4 • 2 = 20 

^Ij^Sflj A^-T jjJl AlJLP^J iUpSflj i^-s^l ^IJL^^b 

. '^*- p *lrt*l jLip Aj > <..-j.5"*»3 1 



Example 1-1: Which properties are true for the counting numbers, whole 
numbers, integers, rational numbers, irrational numbers, and real numbers 
under the operation of addition? 
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. fWJtj aMs£)Ij u-JjsIl o^l^ 1 oJuh *>° ■ ^ 



jbJb^o jl^oip iibjh jlT IS) order ftiij^l iiii UjSo 

isill ju» ^.j-^ip ^! ^ jlS" iij density iibS' ^jVl ixii 
0j— Ja&Jl cJtf' IS J completeness fUr fUjSl! iiil Uj£j 
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i^XJI iljL^^b V-^ 1 ^JL^Vlj O^wJI ^Ij^Mlj iUS3l 



Example 1-2: Which properties are true for the counting numbers, whole 
numbers, integers, rational numbers, irrational numbers, and real numbers? 
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Rules of Signs uljlAyi d£lji 

ojLiyL l^S^Jj <aJLLJ! ejLl)f! ^jJti L4J jj^jlp • 

(-3) + (-4) = -7 . 3 + 4 = 7 : 1-3 Jlt« 

iJSlkJ! p4 *Ji J^jti ojL-i)fl ^ aU^» ^a-Ip • 

(-6) + 4 = -2 * 17 + (-8) = 9 : 1-4 jtii 

^--Ju £_-C LJlaj- jj&cJ aJUjJI ^ a ^p-T OJLP JJ> b iJuJI ^^JJ • 

. -b j^&J ft SjLi) 
12 -(7)= 12 + (-7) = 5 : 1-5 Jill 
(-9) -(4) = -9 + (-4) = -13 
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-6/-3 = 2 , (-5) (-3) = 15 , (5) (3) = 15 : 1-6 jdi 

-12/4 = -3 « (-3)(6) = -18 < (3)(-6)-18 : 1-7 Jill 
Operations with Fractions j$*£l\ y uLUall 

^^JlP 4_«\jL0J 4a «J jv-jj J I UJj-J? lij ^^-Ju* Oj-^i ^y-^ll j^ji-j' • 

. pi^i IJla ^1 jjyi ^-i; 

15 _ 15 + 3 _ 5 3 _ 3.2 _ 6 . , fi n * 

T8"l8T3~6 ' 4~T2"8 ' ^ 

5 5-5 J 

^t*i ■ ■■> ^y±ayJ» aIjwj ^-^■ < T J il _^Z^uO ^LiLo Ia^J ^jij^S ^*>~ * 



3.4^ 3 + 4 = 7 
5 5 5 5 



: 1-10 Jilt 



1.2 3.8 11 



. (j*JaA<JI ^^-^JD ^jjooliuJI ^> j^o J-rf»U- «toLioj ^JLjwJI ^jjj.^li 

2 4 2-4 = 8 3,8 = 3-8 = 24_2 ' 1-12 jCU 

3 5 3-5 15' 4 9 4-9 36 ~ 3 ' U 

JT ^jS^j 1/3 j>* (3/1 ^i) 3 dUS Ja^Jl ^S3l 

. v^xll JLp (-3/4 jl) 3/-4 j 8/5 Ujb -4/3 j 5/8 

• o"^*** Jj^l Vj-*^ • 

a c = ad = ad 2 . 4 = 2-5 _ 10 = 5 # 

b d b e be' 3 ' i5 3-4 = 12 6 I 1-13 Jb* 

Exponents and Powers <£yti\j jumuVI • 

j I « a J iJjjJ 1 5 ji) I » J Uuj a n (ol ^ I ^ n) a *a »a •••• a 
oJipLaJI a ^JljJI ^^Jp JpLi a" iJuJl ^ . « n J a » jl « n b^iU a » 

: i-i4 Jilt 

2-2*2«2«2 = 2 5 = 32 
(-5) 3 = (-5K-5X-5) = -125 
2-x*x«x = 2x 3 
a«a»a»b«b= a 3 b 2 
(a - b)(a - b)(a - b) = (a - b) 3 

j^jly ojSjs j-~>-y> ^-^>**> J->>>^ q J P ^ OLS' iil 

: JL. US' 
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(1) aP • a« = aP + « 

2 3 «2 4 = 2 3 + 4 = 2 7 = 128 

(2) aW = aP -« = L/a" ■ p if a * 0 

3V3 2 = 3 5 ' 2 = 3 3 , 3 4 /3 6 = 1/3 6 - 4 = 1/3 2 

(3) (aP)" = a" 

(4 2 ) 3 = A\ (3 4 ) 2 = 3 8 

(4) (ab)P = aP bP, (a/b)P = tlW if b * 0 

(4* 5) 2 = 4 2 -5 2 , (5/2) 3 = 5 3 /2 3 

(5) a"P=l/aP ifa*0 

I 4 = 1/2 4 = 1/16, 1/3* 3 = 3 3 = 27, -4x" 2 = -4/x 2 . 
(a + b) l = l/(a + b) 

Logarithms uU2jjUj11I • 

. x = log b N b er-^-*^ N i^ojU^J ^* 

. ^jUyJI j^^JI plj^u-L 3 2 = 9 ^1 : 1-15 Jii# 
Example 1-15: Write 3 2 = 9 using logarithmic notation. 

. 2 = log 3 9 j! 3 ^-L-bU 9 f^jUjJ ^* 2 Jj£i 3 2 = 9 1^3 
. log 2 8 Jbrji : 1-16 JCU 

Example 1-16: Evaluate log 2 8. 

2* = 8 /\ 8 jj-£J 2 SJLpLiJI £3j c-^w. x iJbJI log 2 8 

. log 2 8 = 3 JJi x = 3 j j&j 

jll* . jJ>L*i x = log b N j b x = N J4 V 

flJ^J <-^jUjJJI 4 a.^H x = log b N l5 JLp J *^ ii^soll b x = N 
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Laws of Logarithms uUl j^l jrul>2 

log b MN = log b M + lo^ N 

. oUjU^J iJ^Jb log 2 3(5) ^ ^ I 1-17 Jd« 

log, 3(5) = log b 3 + log b 5 

Example 1-17: Express log 2 3(5) in terms of simpler logarithms 
log 2 3(5) = log b 3+log b 5 

3j—*&\ *>. N J M ( j£*p»'y» ^jjiJiP 4ft ■..*'> £jl>- ^JCjjIp^J _ II 

log b (M/N) = log b M - log b N 

. L-jI oL^jU^J iJ^Jb log I0 (17/24) ^ : 1-18 J& 
log 10 (17/24) =log 10 17-log 10 24 

Example 1-18: Express log I0 (17/24) in terms of simpler logarithms 
log l0 (17/24) =log 10 17-log 10 24 

log b M P = plog b M 
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. log 7 5 3 J^ji : 1-19 JCU 
log, 5 3 = 3 log 7 5 
Example 1-19: Evaluate log, 5 3 . 

log 7 5 3 = 3 log, 5 



4 



^.jLpjJJI v^j^. . e = 2.718281828uiyuj 
e b lna^b ^wai3 . In _> e SJLpUM 



Radicals j^Sl^JI • 

. n = 2 ol^ lij J-JjJl . jjjL^JI a a-bJI 

Laws of Radicals jjtiail ^ulj2 

J* UJ . jJ^aJ <Jb*U^ jjisJl j^ijs Va~ = a" iuUT J*»o 

. I^i** ^jL-i* jj ^1 b j a n 'M ' *^^» 

WIN* (1) 
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(</6)3 = 6, (Vxi + yi)* = *2 + y2 : 1-20 Jill 

V^b= n ^ n Vb (2) 

: 1-21 Jlli 

"it=W b *° (3) 

: 1-22 J li« 

yj^'^yz 2* V(y-2) 6 >^2? (y- 2 ) 2 

(4) 

^(27)" 4 = (^27)4 = 34 = 81 : 1-23 Jl±4 

(5) 

: 1-24 Jilt 

\Zvl=<r s , v^l=^2, >/^=^ 

Simplifying Radicals j^^l 

4JUI ij^r^^ J- 1 ^' j-**J 

. jjJl^JI ^ *US3I iJ^Ji ^1 (l) 

: 1-25 JIjU 

^32= -^23(4)= </V-^/4 = 2<^ 
V&x*y 7 = V(4x*y*){2xy) = V4x*y 6 Vlxy = 2jc 2 y 3 V2jc> 
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JJ> (2) 

: 1-26 Jii# 

= = = 2** = V23 = V8 

2 JJ^^Jl JJ:>^^ 

^S^S - <^5]?)2 = ( 5jc 3)2/« « ( 5;c 3)l/3 - ^sJ3 = ^ , 

3 J16^ JJjJI^C^ 

<f=4)5 - (-4)2/4 = (_4)i/2 = V^4 ibT tLiJ I 
. ji*JI ii^U jjJl>«aJI ,y pUJI (3) 

: 1-27 Jlti 

V 2 * v 2 \ 22 / = V 23 = 2 




Complex Numbers ^uSjil JtOfiVl • 

j i—JJb- ^Ijlp I b j a a + bi aa^^sJL u^^Jt jJlkJI 
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jLT taj Ja_5sj jLS' lij c + di < a + bi ^j-^^l ^iJi_*il (^jL-^. • 

. b = d j a = c 
.b = 0 j a = 0 jl^ lil Jauij jlT IS) a + bi = 0 y^^i • 
jLT |j| . d s 0 uLS' lil LlsJb- c + di iJL*JI • 

. d = 0 jc + 3j jSLi c + di = 3 
dLJS ^ipj . ^-SUJlj a-bi a + bi k^S ^JL*JJ jii^Ji ^JbJl • 

. ^Jii I ^ 5 + 3i j 5 - 3i j j& 

UjXI JldAiU ^LuJI jJUill 
Graphical Representation of Complex Numbers 

x + yi iJ_»ll J Ui SJLoLicuJI oLiiJ^-)Il j»ijl>*£-,lj 

. 1-2 JSLi >;! . (x,y) oUIj^VI oti iUJl >b±j 

0 jj-AJj X'X olJb-j 3 isL-wo 3 + 4i v-^^l ^-bJI Ji*J • 
4^>Jj X'X il-Ljul ^j-JLp iiL~o SJp-j 2 Lr ii -2 + 3i iJ*JI J-JUjJ • 

3+4/ 

-2+3/ 

yi 1 o 1 ; * 

-2i-" 

-1-4/.. 2-4/ 

1.2 JS£ ^ 



0 j\ *Jj X'X *\jjj>\ ^Js- SJi^j 1 2iL~o ^Jk -1 -4i iJuJI J-JUxJ • 

0 J j X'X MJlx*I ^ oJb-j 2 iflL~e Lr Jis 2-4i JJL*JI J~UjJ • 

Algebraic Operations with Complex Numbers 

o^J-^b t >.>.^ .-. ^ \ j*y->^\ 0-* ^ t - *^' o^-** * 

(a + bi) + (c + di) = (a + c) + (b + d)i 

(5 + 4i) + (3 + 2i) = (5 + 3) + (4 + 2)i = 8 + 6i 

(- 6 + 2i) + (4 - 5i) = (- 6 + 4) + (2 - 5)i = - 2 - 3i 

u— O^-^ 1 C-^ U u*^-^ * 

(a + bi) - (c + di) = (a - c) + (b - d)i 

(3 + 2i) - (5 - 3i) = (3 - 5) + (2 + 3)i = - 2 + 5i 

(- 1 + i) - (- 3 + 2i) = (- 1 + 3) + (1 - 2)i = 2 - i 

£-0 i_oUJI £j\1S iljLX-Sfl J^oLjO < j-*£ jA JiiJS- ^J^sfli • 

. i 2 = -l JIJu^-J 

(a + bi)(c + di) = ac + adi + bci + bdi 2 = (ac - bd) + (ad + bc)i 
(5 + 3i)(2 - 2i) = 10 - lOi + 6i - 6i 2 = 10 - 4i - 6(-l) = 16 - 4i 

. i 2 = -l JIjuu-I g> 

2+i (2+i V3+4i > \ 6+8i+3i + 4i 2 ^ 2+Ui ^ 2 _U. 
3-4i U~4i A3+4i f 9-16i 2 25 25 + 25 * 
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tP&t ill 

Algebraic Expressions and 



1 







erations 







... ^JLSUI ^LEll ✓ 

. ua*U4l ✓ 
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Algebraic Expressions <2bjJ*M jJ4l2tt • 

|5jf±|* j 2a 3 b 5 j 3x 2 -5xy + 2y 2 '. 2-1 Jill 



je— sS'j -Lii Ji^lj Jo- ^yic (jy>*i. \Sj**r tfal^f 

. ->jJb- itf ^ ijy^i. (J S^Ajj ^jl^ ^ Ob 

: 2-2 Jti* 

Jl>JI oLiUi 7x 3 y 4 . 4x 2 /y 

^.J^JI olji j! jjJt^JI oUU 3x 4 -4xyz 3 , 2x + 4y 

J j J>J loL*^ x 3 - 2xy/ 2 - 2x 3 z 7 , 3x 2 - 5x + 2 
Ji*J I 7x + 6y , 7x + 5x 2 /y - 3x 2 /l 6 

Terms jjduall 

5x 3 y 2 JU^JI ,y diJi J^JI J>L J-Uo J^JI J^I^p jl^M JU 

. x 3 y 2 J*U* 5 j x 3 J*U* y> 5y 2 j y 2 J*U* 5x 2 

J! -^b -M** <y j^' J* ij^'^* 0?.-^ 

. 5x 2 y j^bTj 7xV - 4 x 2 y + 2 x 2 y dUi JUi Jb-lj 
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.ol ^yJix* <jy*J y ^ 4>J^i* Ol j* «Sa. U <*sr>»J ***ir*+* ^j* • 

jl 

V5" x 3 y 6 < -4x , -5y 4 , 6x 2 y 3 ijJi>Jl I 2-3 

. X ^ i>^ca*M!» C— J 4/X J X ^ <f.j*~£ 

, 2x 4 - 7x 3 + 3 x 2 - 5x + 2 < 4xy + z , 3x 2 y 3 - 5x 4 y + 2 I 2-4 J& 

. ijJLiJI 5 ^Jc^ j^jiS' 3x 2 
. ijJL>Ji jl^. ^ 4/>T +3 , 3x 2 -4/x 

Degree 2s?jdi\ 

VI" j| 0 jt 6 Ji* Colill o-ji . 3+2+1=6 ^ 4x 3 y 2 z o-ji dJUi 

■ >^ <j* n 

4 — Ubcoj ^1 Jb»Jl As»-ji t^ii ^yb jjJlsJI S^tS' <>-ji 

4*6,5 l^rji ijJb- J 7x 3 y 2 - 4xz 5 + 2x 3 y dUi ^ . 1^ 
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Grouping £u*£JI 

. sj^ij j^uj ei^i ji { } o^uji 



Computation with Algebraic Expressions 

. 2xy - 5x - 6y 3 j 3x - 2y 3 + 6xy « 7x + 3y 2 - 4xy 2-5 Jl3U 

^1 

7x 3y 3 -4xy 

3x -2y 3 7xy 

-5x -6y 3 2xy 

5x -5y J 5xy 

5x-5x 3 + 5xy : OjSoi 
(_^jJI jIjuuJI ^ Jl>- HjLij £a>cj, ^.j^r ^jl-*-*- 0 
cj-*! ^'L-^ ^^rj (^jlt-I"*^ Jlj»-Vl ^^oaj ^j-i) 

. 10x 2 -2xy-3y 3 2x 2 - 3zy + 5y 2 c >t : 2-6 Jilt 
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10x 2 -2xy 
-2x 2 +3xy 



-3y 2 
-5y 2 



8x 2 +xy -8y 2 

8x 2 + xy - 8y 2 : 4>»vJl <2AJ:> 

^^^1 O^ilS f-l>«£-l ^jJL*JI ^ J&\ j\ jbj'l uJj-^J (l) 

. ^j-^JJ iU-i-'JIj JlJbV otjU)fl oJlpUsj 

. -4xyV , 2x 4 y , -3x 2 y 3 y I 2-7 J& 

(-4xy 4 z 2 ) (2x 4 y) (-3x 2 y 3 y) ■ ^\ • 

iUj^lj Jljb)Il i.. ...->- uo'j • 

{ (-3)(2)(- 4) } { (x 2 )(x 4 )(x) } { (y^CyXy 4 ) } { (z)(z 2 ) } 

24x 7 yV ^Js* J-s^>*J ^^Vt ^Ij3j oljLi^ll SJLpU j»l-L>^lj £*j>- • 

S^-iS' j^a JL_>- : i^U-L ^jJ^Jl S^if Vj-^ ( 2 ) 

5 x 2 y 4 £* 3xy - 4x 3 + 2xy ^yi>\ \ 2-8 Jll* 
(3xy - 4x 3 + 2xy) yoS'l • 

(5 x 2 y 4 ) (3xy) + (5 x 2 y 4 ) (-4x 3 ) + (5 x 2 y 4 ) (2xy) 

15x 3 y 5 -20x 5 y 4 + 10x 3 y 6 '. 4>.::;ll jjSj • 
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( j_-o Jl^- J-S* \ JjJl>- o^*i£j ij«X>JI o y^J (3) 

< r . ..,-»- ij-LsJl olj^sS' t-^y Ijua* UjSo to Silp) . ^UJI 

3-x ^ 3x + 9 + x 2 c-j^I : 2-9 JlJU 

x J SJjldl (^^ill < r . ...*»> c-J'j • 

x 2 -3x + 9 (A) 
-x + 3 



-x 3 + 3x 2 - 9x -x ^ (A) 

3x 2 -9x + 27 +3 ^ (A) 



-x 3 + 6x 2 - 18x + 27 £~r^ 

3x 3 y 4 z ^ 24x 4 yV p-Sl I 2-10 JldU 

24x 4 y 2 z 3 _ f 2A_ )(*<_ ) 
-3xYz~l-3 Ax 3 Ay 4 JU J 

= (-8)(x)(J r )(z 2 ) 
8XZ 2 

y 2 

: ijA>Jl ^ ijj>Ji s^iT (5) 
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olja-JcyJI JLJ-1 ^..^ ijJk>Jl ol^iT ^ C-Jj ( I ) 

fJ -i^l JjMl Jl^JI tr Jp p-JUJI ^ Jj* J^JI p-JI ( v ) 

. 4»m,SH JTJ^- j>» Jj^' J^Ji L/^- ^ * 4 ^ 

B^L^y (— =r) < *-4 p J-^** 5 -k-^l ^jM.floU ^Jl>«**«I ( i ) 

i^xJ! yJ^i ( -(b) 



dividend . • . . remainder 

= quotient H 

divisor divisor 

x 2 - 3x + 2 J* x 2 + 2x 4 - 3x 3 + x - 2 p-it : 2-11 Jill 

x __J 4_JjUJI (^j-Sit v-.— ..■•»- U^.../ry jlaj ijJL^Jl iSjt^ 

US' JajJI ^Jjj 

2jc 2 + 3jc + 6 

jc 2 -3jt + 2)2* 4 -3:r 3 + x 2 * 2 

2y 4 -6y^4x 2 

3* 3 - 3jt 2 + Jt- 2 
3x 3 -9s 2 + fa 

dx 2 - 5x- 2 

Special Products Adl^ u>£ J^l^ • 



Product of a monomial and a binomial 

a(c + d) = ac + ad 
3x(2x + 3y) J-*^ : 2-12 J 1 * 4 

. d = 3y j c = 2x^a=3x^j9l ^ljLs*i-.L 
ex 3x(2x + 3y) = (3x)(2x) + (3x)(3y) = 6x 2 + 9xy 

jijj- J yjJlj cJ jJp J-*b- —II 

Product of the sum and the difference of two terms 

(a + b)(c - d) = a 2 - b 2 
. (2x + 3y)(2x - 3y) u-^l J-^b- 2-13 Jlia 

b=3y j a = 2x £0 II flJLiw^l 

(2x + 3y)(2x - 3y) = (2x) 2 - (3y) 2 = 3x 2 - 9y 2 

Square of a binomial _ III 

(a + b) 2 = a 2 + 2ab + b 2 
(a-b) 2 = a 2 -2ab + b 2 

< (3x + 5y) 2 (l) V-r ^JI J-s^l^ JL>-jl : 2-14 Jll* 
(7x 2 - 2xy) 2 (2) 

b = 5y j a = 3x III ^\JJ^.L (l) 
(3x + 5y) 2 = (3x) 2 + 2(3x)(5y) + (5y) 2 = 9x 2 + 30xy + 25y 2 
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b = 2xy j a = 7x 2 £* III f I J^-L (2) 
(7x 2 - 2xy) 2 = (7x2) 2 - 2(7x 2 )(2xy) + (2xy) 2 = 49x 4 - 28x 3 y + 4x 2 y 2 

Ob ^ JCjI <-■> J^b- — IV 

Product of a two binomials 

(x + a)(x + b) = x 2 + (a + b)x + ab 

(ax + b)(cx + d) = acx 2 + (ad + bc)x + bd 

(a + b)(c + d) = ac + be + ad + bd 

(x + 3)(x + 5) (l) ^j*> J-^U Op-jI I 2-15 Jilt 

(3x + y)(4x-2y) (2) 

b = 5 j a = 3 IV j^lJL^L (l) 

(x + 3)(x + 5) = x 2 + (3 + 5)x + (3)(5) = x 2 + 8x + 15 

d = -2y j c = 4x j b = y j a = 3x ^ IV flJti^L (2) 

(3x + y)(4x - 2y) = (3x)(3x) + (y)(4x) + (3x)(-2y) + (y)(-2y) 
= 12x 2 -2xy-2y 2 

Cube of a binomial Oli ±*j£a — V 

(a + b) 3 = a 3 + 3a 2 b + 3ab 2 + b 3 
(a-b) 3 = a 3 -3a 2 b + 3ab 2 + b 3 

(x + 2y) 3 (l) cj^JI J-^jh- J^-jl 2-16 J& 
(2y-5) 3 (2) 

b = 2y j a = x £0 V ptj^-U (l) 



(x + 2y) 3 = x 3 + 3(x) 2 (2y) + 3(x)(2y) 2 + (2y) 3 
= x 3 + 6x 2 y + 12xy 2 + 8y 3 

b = 5 j a = 2y ^ V plj^b (2) 

(2y - 5) = (2y) 3 - 3(y) 2 (5) + 3(2y)(5) 2 - (5) 3 
= 8y 3 -60y 2 + 150y- 125 

Square of a trinomial * j-^-l aJ^Aj gjA — VI 

(a + b + c) 2 = a 2 + b 2 + c 2 + 2ab + 2ab + 2bc 

(2x + 3y + z) 2 Vj-^ 1 J-^ : 2-17 J^ 4 

c = z j b = 3y j a = 2x VI ^I.L^..L» 

(2x + 3y + z) 2 = (2x) 2 + (3y) 2 (z) 2 + 2(2x)(2y) + 2(2x)(z) + 2(2y)(z) 
= 4x 2 + 9y 2 + z 2 + 12xy + 4xy + 6yz 

a n + b n V 1 J\ Ji£ 4^1 uj*l\ Jtflj^ • 

Products Yielding Answers of the Form a n ± b n 

o\ *lrrk Jhs**^ O^** 

(a - b)(a 2 + ab + b 2 ) = a 3 - b 3 

(a - b)(a 3 + a 2 b + ab 2 + b 3 ) = a 4 - b 4 

(a - b)(a 4 + a 3 b + a 2 b 2 + ab 3 + b 4 ) = a 5 - b 5 

(a - b)(a 5 + a 4 b + a 3 b 2 + a 2 b 3 + ab 4 + b 3 ) = a 6 - b 6 

(a - b)(a n -' + a n * 2 b + a n3 b 2 + ... + ab n ' 2 + b nl ) = a" - b n VII 

(1, 2, 3, 4, .... ) y> y> }Jje> n 
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(x - 2y)(x 2 + 2xy + 4y 2 ) t-J^J! Ji^jf : 2-18 Jill 

b = 2y j a = x £0 VII fljLi^-L 
(x - 2y)(x 2 + 2xy + 4y 2 ) = x 3 - (2y) 3 = x 3 - 8y 3 

(a + b)(a 2 - ab + b 2 ) = a 3 + b 3 

(a + b)(a 4 - a 3 b + a 2 b 2 - ab 3 + b 4 ) = a 5 + b 5 

(a + b)(a 6 - a 5 b + a 4 b 2 - a 3 b 3 + aV - ab 5 + b 6 ) = a 7 + b 7 

(a + bXa"- 1 - a n2 b + a n3 b 2 - ... - ab- 2 + b nl ) = a D + b n — VIII 

. (1,2,3,4 ) iyu iJL * iS\ y> n 

(xy + 2)(x 2 y 2 -2xy + 4) J-s*U- J^-j! : 2-19 Jill 

b = 2 j a = xy ^9 VIII ^iji*«x^L 

(xy + 2)(x 2 y 2 - 2xy + 4) = (xy) 3 + (2) 3 = x 3 y 3 + 8 

Factoring JaIja ^Jl JgbiUI • 

^jjOLiJl jt ^j-b* jj— (^-J*- jljLiU J^l^ J ftV . nV 

^uji jr jJb- : 2-20 

x 2 -7x + 6 = (x- l)(x-6) ( I ) 
x 2 + 8x = x(x + 8) 
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6x 2 - 7x - 5 = (3x - 5)(2x + 1) 
x + 2xy - 8y 2 = (x + 4y)(x - 2y) ( a ) 
j*-*>. L^oJulp \J»Uj' J— U- -la polynomial o) J Ik 

. aJjSJI "dLoi^P V-r^ J-^^*^ 

. (l-x)(6-x) jl (x-l)(x-6) ^ tfl JJ x 2 -7x + 6 j! 

. ±1 ji l$JL- jt 

aj^— 53^ o^IoUaJI oli ijjL>Jl cAj~£ J^i>«i' ^^Aj. jL^^fl ^ • 
. (x 2 - 9/4) = (x + 3/2)(x - 3/2) Vi- 

Mui ilJtpVl hk ^Js* jljuto JJU«j' UiS^. ol^-^l ^ • 

4_ JLu5>JI ilJL_P^I ^^Jp cJLU (x 2 -2)(x + VT)(x-VT) 

ij3 iJUxi* jJLo . 4j.j— S3I iijL^^ft ^jJLp iJji l^Jj 

Factorization Procedures ^Jj Jjd*IM • 

Common monomial factor 4jt£ll ^b-l J«UJi ( » ) 

ac + ad = a(c + d) £j3 

I 2-21 Jll» 

(a) 6x 2 y - 2x 3 = 2x 2 (3y - x) 

(b) 2x 3 y - xy 2 + 3x 2 y = xy(2x 2 - y + 3x) 
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Difference of two squares ^uuj* 3>*N ( ^ ) 

a 2 - b 2 = (a + b)(a - c) £j> ja 

I 2-22 JldU 

(a) x 2 - 25 = x 2 - 5 2 =(x + 5)(x- 5) 

where a = x, b = 5 

(b) 4x 2 - 9y 2 = (2x) 2 - (3y) 2 = (2x + 3y)(2x - 3y) 

where a = 2x, b = 3y 

Perfect square trinomials JjdaJI ^j^ti <>tS £>• ( J*) 

a 2 + 2ab + b 2 = (a + b) 2 

a 2 - 2ab + b 2 = (a - b) 2 ^ ^ 

: 2-23 Jill 

(a) x 2 + 6x + 9 = (x + 3) 2 

(b) 9x 2 - 12xy + 4y 2 = (3x - 2y) 2 

Other trinomials tf>Vl JjdMll uUj^j ( J ) 

x 2 + (a + b)x + ab = (x + a)(x + b) 

acx 2 + (ad + bc)x + bd = (ax + b)(cx + d) f\y 

I 2-24 Jill 

(a) x 2 - 5x + 4 = (x - 4)(x - 1) 

where a = -4, b = -1 

(b) x 2 + xy - 12y 2 = (x - 3y)(x + 4y) 

where a = -3y, b = 4y 

(c) 8 - 14x + 5x 2 = (4 - 5x)(2 - x) 

Sum, difference of two cubes £gua&« jru JjjJIj £j*pm ( Jfc) 

a 3 + b 3 = (a + b)(a 2 - ab + b 2 ) 

a 3 - b 3 = (a - b)(a 2 + ab + b 2 ) £y & 
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: 2-25 Jli# 

(a) 8x 3 + 27y 3 = (2x) 3 + (3y) 3 

= (2x + 3y)[(2x) 2 - (2x)(3y) + (3y) 2 ] 
= (2x + 3y)(4x 2 - 6xy + 9y 2 ) 

(b) 8x 3 y3 - 1 = (2xy) 3 - l 3 

= (2xy - l)(4x 2 y 2 + 2xy + 1) 



Grouping of terms 4jUalt (f«aw ( j ) 
2-26 Jill 



ac + be + ad + bd = c(a + b) + d(a + b) fji ja 
= (a + b)(c + d) 



2ax - 4bx + ay - 2by = 2x(a - 2b) + y(a - 2b) 
= (a-2b)(2x + y) 

Factors of a n ± b n a n ± b n Jalj* ( j ) 

I 2-27 Jilt 

(a) 32x 5 + 1 = (2x) 5 + I s 

= (2x + l)[(2x) 4 - (2x) 3 + (2x) 2 - 2x + 1] 
= (2x + l)[16x 4 - 8x 3 + 4x 2 - 2x + 1] 

(b) x 7 - 1 = (x - l)(x 6 + x 3 + x 4 + x 3 + x 2 + x + 1) 

2L*iU« *s4* £>j fc** ( c ) 
Addition and subtraction of suitable terms 

x 2 + 4 JJb- : 2-28 Jill 
*^ Cltts*^-^' 4 j x 4 ^ji**- gj* J-^»^- »■ 4x 2 ^ Jej 

x 4 + 4 = (x 4 + 4x 2 + 4) - 4x 2 = (x 2 + 2) 2 - (2x) 2 
= (x 2 + 2) 2 - (2x) 2 
= (x 2 + 2 + 2x)(x 2 + 2 - 2x) 
= (x 2 + 2x+2)(x 2 -2x + 2) 
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Miscellaneous combinations of previous methods 

: 2-29 J& 

x 4 - xy 3 - x 3 y + y 4 = (x 4 - xy 3 ) - (x 3 y - y 4 ) 
= x(x 3 -y 3 )-y(x 3 -y 3 ) 
= (x 3 - y 3 )(x - y) = (x - y)(x 2 + xy + y 2 )(x - y) 
= (x-y) 2 (x 2 + xy + y 2 ) 

Greatest Common Factor >U^Vl ^12)1 • 

jjj^JI ol^lT ^ ^1 jl (GCF) (JiP^ d^iJLl ^-Uai 

.ilUJI ijj^Jlol^ JS3 SuW jj& ^jJI (U Ji-Jtf V ijul^l 

. 4JUl^*i ^>j*> J-^^>*^ ijJ^- <-*^l • 

3 2 (x - y) 2 (x + 2y) j 2 2 3 3 (x - y) 2 (x + 2y) 3 , 2 3 3 2 (x - y) 3 (x + 2y) 2 
I y> ijJLs- ^^JJ pJaP^t J^^UJI UJ1 

3 2 (x-y) 2 (x + 2y) 

Least Common Multiple ji^Vl 4j&t ' ArdhtJ • 

ijX^Ji ±j> j£\ /\ (LCM) J^H\ 4 ciPUil 



^ JjX^JI c-apUoaJI Jurj! : 2-31 Jlli 

3 2 (x - y) 2 (x + 2y) j 2 2 3 3 (x - y) 3 (x + 2y) 3 . 2 3 3 2 (x - y) 3 (x + 2y) 2 

: ijJL>- oljJiS' ^^iil ji-^Vl JjXJUJl CjIpUoaJI 

2 2 3 3 (x - y) 3 (x + 2y) 3 

Algebraic Fractions 4jJJ*N • 

Rational Algebraic Fractions ~4jj*&\ Xyyadl j$*£l\ 

^^^jj'l 4ft ...5 ^jUiT axjI^ ^jiUj. jljilo { j J ~£$\ {Js^\ 
j—Saj fUuJi Q ^jJUj k ..,.11 P jJlL. . P/Q ij-LJI 

x 3 + 2y 2 3x-4 
x 4 -2xy + 2y 3 3 x 2 -6x + 8 

• J*-J~^ Crf-S*' if«J~^ ^J^i 

jj— -SJI l^j J^Uii villi" JjUj J*^l Jl^I ^5 



(x - 1) A+t&l (x + 2)/(x-3) Jaw lil 

(x + 2)(x-l) = x 2 + x-2 
(x-3)(x-l) x 2 -4x + 3 

. X * 1 ^1 lyL^ c.... /t ) (x - 1) cS...»t 

^IcT < j£*_i (x 2 + 3x - 2)/(x 2 + 4y + 3) cJLpI til Ji*JL 

(x + 2)(x + l) 
(x-3)(x + l) 

J»j— £0 (x + 2)/(x - 3) ^^Jlp J-^xJ (x + 1) ^^Ip pUJlj Ja-Ji 4ft „4ij 
. x*-l ^( 1*^ (x+ 1) ■ ^1 

ojL-ilj ^UuJl SjL-ijj b ....H ojLil . oljLil O^Li' ^— L J-^j. 
. j ...CJt 4w»^a j^** ^j-k ^j**^ ojLil j z+i o ij^H * 4-15' S3i 

I 2-32 Jtlt 

-a _ a _ _ a_ -a _ a^ f -a ^_ a 
b -b b ' -b b ' J b 

x 2 -3x+2 ^ (x-2)(x-l) (x-2)(x-l) _ x-l 
2-x 2-x -(x-2) " -1 
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Operations with Algebriac Fractions 

. fU«JI «loUoj ^ c^^l 

: 2-33 Jilt 

_2 3x+4 [ x 2 +5 ^ 2-(3x+4)+(x 2 +5Lx 2 -3x+3 

x-3 x-3 x-3 x-3 x-3 

J-S' ly.v^:! iiJb^o oULio <1 ( ^ -r -S' iJ^P j! 

: 2-34 Jii# 

2x+l _ 3 = (2x+l)(x-l)-3x 
x(x+2) (x+2)(x-l) x(x+2)(x-l) 

= (2x-f l)(x-l) . 3x 

x(x+2)(x-l) x(x+2)(x-l) 
= 2x 2 -4x-l 
x(x+2)(x-l) 

. L? JaJU> T f c-> ^ Jv>U- 4jLL»J J*** ^r-^ 

: 2-35 Jll» 

x 2 -9 , x-5 = (x+3)(x-3) . x-5 = x-3 
x 2 -6x+5 x+3 (x-5)(x-l) x+3 x-1 

: 2-36 Jil* 

7 | xy 7 x+2 = 7 

x 2 -4 x+2 " (x+2)(x-2) xy xy(x-2) 
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Complex Fractions ^USjil • 

: 1 l&jUi 

: 2-37 Jill 

1 x 2 -l 

X , y 

x x _ x - 1 x _ x - 1 _ x j 
1+ J_ X+1 X x+1 x+1 
X X 

: II 

. ijJb- JSI ^1 ^ytJI j^SU* j-^i-l • 
I 2-38 Jill 

-L-4 fJL. 4 V a 

_*? l_x 2 f = l-4x 2 = (l+2x)(l-2x) _ l + 2x 

1_ 2 fl-2 V x " 2x2 x(l-2x) x 
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: J*ttt Cut ^ 

. jjJa)! SjgJS JljjJI ✓ 
. 3j>«af Jljalf ✓ 

Ratio, Proportion, and Variation 

Ratio Villi 

jlS' lij . b#0 C~>«j a/b ^ — ^ a:b u-i&j b , a ^JL* V-J 
. 1/1 = 1 ji 1 : 1 4....-M jjSci a = b*0 

! 3-1 J lid 

2 = 4 = 4;6 = fiju^^f {) 



5x 



, 3y _ 5x _ 20x / \ 

' 4 3y/4 3y K ~" rJ 



Proportion yyaUUI 

jL_J j& a/b = c/d jl a:b = c:d dlli ^jJIp ^jL-j v-— »UsJl 

^_*>- ^ oLL-j^aJ! cjb <^Lpj oLl^JI d,a ^^Ip j^LL 4J3 C—Ly 
a: b = b:c ^tsli^ . c jb j a ^ J£J ^IsJt d JU^ ,$11* 
Ja—yoJl u-wLuJl UjSoj . b ja^ JS3 cJliJl c ^jJlp jJLLj, 

(JjJ* |*Ijl>*x-\j l^li^>«i' ^ajj o^iUo jjb l-— .LJI . c j a ^ J53 

. JjSLs aft = c/d 01^ lij . .LJl j^ly IfeJp 

(l)ad = bc (2)1=1 (3) i_=A (4)±±b=£±i 
a c c d b d 

(5) a-b = c-d (6) a-t-b = c+d 
b d a-b c-d 

: iJUl oUS3I ^ J£J j^jl : 3-2 Jilt 

Example 3-2: Find the ratio of each of the following quantities: 

(a) 6 pounds to 12 ounces. . <j/\ 12 J JlUjI 6 ( \ ) 

96: 12 = 8 : 1 ^ <j/\ 12 SJijt 96 4~J 

(b) 3 quarts to 2 gallons. . jjJU- 2 ^ I ol jjS* 3(1^) 

. 3:8 ^aj oljjT 8 J) oljjT 3 i*JLLJl i™Jt 
(c) 3 square yards to 6 square feet. . £ y> ^Si 6 J J iu^o SijL 3 
ijlkJI A~JI £y> ^ Jj 9 (JjL-i* 4aj^o SJjIj 1 jSl l^JaJ 

. 9:2 ^1 6 ft 2 :27 ft 2 
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u^Ji jL\ o^j^ \J ! 30 in - ^ u-* p-"* • 3-3 J^ 4 

. ^ JjL Ji^jt .2:3 
Example 3-3: A line segment 30 inches long is divided into two parts 
whose lengths have the ratio 2:3. Find the lengths of the parts. 

dUi (30- x) j x i^LJI Jljt^l ^SJ 

x _ 2 
30- x 3 

JLm x J J*Jl 

30- x= 18 in. j x=12in. 

Variation jruUt 

jj. wv< » ^j-^JI oJla Ji« Ji^j* U - i*A!*JI ii^Jl of. 1^5 Jlip _ SiU 

^.JcJI p-jb ^^jdl JljjJ 4_«U3! *Jj_»i ^^UiJI . ^^Jdl Jlji I^JLp 
. ii^xJuJI Lr -^J! ^>J* 

jJk. x/y = k jl . x = ky y £. x ^Jtt li) (l) 

. x = ky 2 jjSLs y 2 ^ x lii (2) 

. x = k/y jjSLi y x lil (3) 

. x = kxz Uj£j z j y £0 iTjS-S^ x OjJu li) (4) 
. x = ky 2 /z OjCi z £* C-^J y 2 ^o Cijt x O^Aj li) (6) 

. v -c^*- ^ij^i w ^jJ £■ y-^^" j»— s?J E jt*S\ iSLt* I 3-4 Jlli 
4_SIU Jl^jI . 2 ft.lb <£ j>- 4jiU» Jj 4 ft/s 8 lb p~*r A j**. 

. (88 ft/s) 60 mi/hr ie^ JLlp (6000 lb) 3 ton hy> X 
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Example 3-4: The kinetic energy E of a body is proportional to its weight 
W and to the square of its velocity v. An 8 lb body moving at 4 ft/sec has 
2 ft-lb of kinetic energy. Find the kinetic energy of a 3 ton (6000 lb) trick 
speeding at 60 mi/hr (88 ft/sec). 

j I E = kWv 2 : k aUu^ 

k= ^_ = ?Jb]b = J_ sec? 

Wv 2 (8 lb) (4 ft /sec) 2 64 

E= JV^_ = (60001bKg8ftW = ft _, b 
64 sec 64 sec" 2 

Functions and Graphs <LuLuJI JtjJtft • 

Variables uljruHI 

. 4-i5LuJI f-Lsi o-kfl-lj ai*** ^jJLp bjtf JJ* ^ y 

Relations w&Ull 

l j^*S' ^ JU) ^-o^l . O* *** 

i_S5 ^jJLp J-iLi. . JjJu^ jl oJLpLS jl 4_bUa iU^tjj 4S}UJt 

ija ^ jJL . ii^JI JUaJ JL-J^il c ljjbU oLTyJI 

: a^U3! ,jxcj jlk u : 3-5 Jtl» 

{(4, 12). (3 ,9), (2, 6),(1, 3)} 
Example 3-5: What is the domain and range of the relation 

{(1,3) ,(2, 6), (3, 9), (4, 12)} 
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{3,6,9,12} = ^JuJIj {1,2,3,4} = JlkJI 
Functions JljOll 

j^L jUaJI ^ ^ jj& ii^U ^ tfu)» 

: alb o£a ou-^ui ^ ^ i : 3-6 jli* 

Example 3-6: Which relations are functions? 

C jljJ JJi JjI^paiP 0*iUb {(1,2), (2, 3), (3, 4), (4, 5)} ( 1) 
2 ^ J3 1 flb C— J { (1,2), (1,3), (2, 8), (3, 9) } ( V ) 

Ji 2b {(1, 3), (2, 3), (4, 3), (9, 3) } (^-) 



UUj 



j-sftoa* pj-* J^-k^l t>^*j' • iJ^— ^ fciUbr j^&j oi 



^ixJI J* jJOajM, J&JH JlkJL VyJI ^JcuJi jlk> 



y = x 2 + 2 J ^JlJIj JilkJl y> U : 3-7 
Example 3-7: What is the domain and range of y = x 2 + 2? 
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jj_SLi . Lliyb- ^Jl-p J-L 2 JUlj a i.t-*- ->Jl_p ^Ij LJLJb- ta-JiP 
. ( iuLi^JI ilJpMl } = JjlkJI 

J^J 2 4-JU>) julp dUi JLp . x 2 + 2 4«,srtilj Ji*j 2 ^jL-j, jl 
. 2 JJiVl ^1 iJLibJt ilJL-P^I J_T ^ 

{ 2 < iJL£»JI ilJLtVl } = ^juJI Oj£J 

V y = l/(x-3) (jJuoj jlk ^ U I 3-8 Jill 
Example 3-8: What is the domain and range of y = l/(x - 3)? 

la ...» 0*4 l^r-laJj ij-Astf Ja ^*JI Oj-So LoJLlP lyL*» ^uS3l ^msu 

. ( 0 * i^LiJI ilJiP^I } = ^jlJI 
Function Notation ill all 2%* 

y jjS' ^ Jjd « x J f ^jL-j- y » ! jii'j y = f(x) {J±ci-J 
x = a Jljlp y £*LjJ1 ^v-JcuJI 2aJ> Ji«J f(a) ^..nll oJl^j . x J AJta 

. (aa-j JLla jl 

viUJJ^ . f(x) = x 2 -5x + 2 l^bT y = x 2 -5x + 2 dUi ^^JLp 
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. f(2) = 2 2 -5(2) + 2 = -4 x = 2 JUiP y jl f(x) iU-S ^1 f(2) Uj-& 

. f(-l) = (-l) 2 + 5(-l) + 2 = 8 
F(x) j h(x) j g(x) dUJJj iJljJI ^ <J^- ^1 {\jj*s*~\ jSU* 

Rectangular Coordinate System eJ*U2il uUSl d^fl >t£j 







f 




II 


4 - 




I 




3- 






! 1 i 1 


2- 
1 - 




jW. 2) 

H — i — ' 


-5 -4 -3 ; 


-.0 

-1 - 


I 


2 3 4 5 




-2- 






<2(-2. -3)'- 




-3 




III 


-4- 




IV 



r 

3-1 Jtt 

j-u ii^Uil j_p l jy ^> *LLp} kLI OLilJb^l f\3ai 

^ j^UxJIj Y Y j XX llo ^..ulxcJI ^^J^JI ^1 

. 3-1 j£-£Jb ja US' O 

. &fti S^U X jj>*A aA* (jilajj X'X Ja»JI 

. iL-lj 5iU y jy** 4JU jUajj Y'Y Ja>Jl 
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OtjL>-j JJLP X j y**J> ^it- JaAi J jJaJU i^—Lu oJl^J ^IjUkx—L 

.4,-3,-2,-1 jUJI a^>J ikiJIj 4,3,2,1 

. £>yi ^-J j£Jj il*u> lijbj v^^Jt oUi-ill j£J OX li^l U 

j a . t^-^rj^ oU.j'lS' OY jLjiP-L y j _p^o ^s> J*a1 

. ^j^aJI }KJ JjJaJI ol-i^ ^-is flJii-^J (llj'i ib<uJt 

£L_*jSl» uij.ju ^1 ^jXwJI y , x JiJJ*L*}\ p—i 

. 3-1 JSliJt ^ US' IV, III, II, I j^Jj jLSjj 

^J) P j-o jj^jAf- JaJL-\i IJla xy L gjv,..ftll ^ P Q...kpt IS) 

y j x ^i^^' Jt-i* ^yj x ^'y- x J^* 

j-j.lfc . P a Udl y ^ ikiil) x ^U*-J y~i>dl iJL>J 

. (x,y) yojl UftJJ jLi.. j^Ijl^I 

iUiJI ji <>W"i! ^■^•J ^'ijL*-) Cm hp I lil ^-SoJ Ijj 

(3, 2) oL-JlJb-J V^J 3-1 JSLsJI ^ P ikiJi Sba . xy ^i^JI ^ 
. Q ^ (-2,-3) oUIjl^I oli SlaiJ b 
^1 (x,y) JaiJI JT iii ^ y = f(x) ilLUJ ^Ul ^^Jt 

. y = f(x) ibU-JL 

Symmetry JjUHI 

. ( 3-2 JSLi jJiil ) y jj>«aJ i^-Jlj Jj'U^o ^LJI j^-^l jl JyLi 
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3-2 JS£ 

4-a./<> ^^jij -X, X ^ ^AS* Jf- ^iii X 4^ Jj'U^)I IJLA ^JJ^mJ 

f(x) J Aib j£y *4 J5 AbUJl jjSJ- jl l ^i H . f(x) = f(-x) ^1 y 

. X iWjb 

^jJUJi uiyi; U el j-e JU....H i-AyajJ 1 l^i ioLJI >^«^J1 ^Juy 

4jlp geio -y, y y£ y 4a_J> J53 Ujllp X J^»«a3 M.ttlj 

iJb Jlp J^-k> ^ O^UJl ol* J . ( 3-3 JO jiiii ) x iUJ ^wi; 

. x iWjb y J 




3.3 jti 
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t * 

1$_jlp £-^,3 L-u i_JiU* ^ y ^ ^Jb -y, x *^ Jb -x tw> lit 
J-^l iLSJ J J :L-JL S^La. ^LJl p-^i ji Jjia iJtfU* ibUo 
. Jlj^ iL'b c-Jj oli^l* JiAi' o^UJl ojjb . ( 3-4 J5^i >1 ) 




3-4 jtt 

J_$li JujJbw v j-^l«tj Jlj^J IS) _ JjLaJI £j_J AAym *js**> . Jlj-Oij 

. JJ'LaJI lJub CqJL>«y ^jSUJ (^yt f*-*".^ 

. 4-1*^ J^.».» 4fi^UJl JULP JjUJI lilA ^|jL»*^Jj JjUJI y 

. JJU-U y = l/x ^1 : 3-9 Jilt 

Example 3-9: Test the relation y = 1/x for symmetry. 

4*- ; . l l> JjUju ^ ji (^l y = -l/x -L>«j x j-o *}fjb -x ^oj^cJIj 

• y j 

jjUxxi o\ \S*\ y = - 1/x y v>» -y ^^.j*^ 

. x jy~A 



S>L^ -y = -l/x ^ y ^ ^ Jj -y, x "iU -x 

. J**Vl 4J*iJ IL-Jli ^Uia (jiLJI ^1 JjSLi y = 1/x 

shifts anijn 

J* Jl y-jn c^U- 4iU^ ^1 ^UJI y=f(x) 
j a* y = f 00 + b j ^3*1 ^> • l y = f U) (*— j <y 

J^H . oIj^I y> Ibl ojiJuu JUxiL y = f(x) 

. b < 0 JlLp Ji-^f j i^OVb b > 0 JULP 
ioLJI y = x 2 - 3 j y = x 2 + 2 I i^iJbJ^- cjL^ I 3-10 Jll* 

• y=* 2 f~j 

Example 3-10: How do the graphs of y = x 2 + 2 and y = x 2 - 3 differ from 
the graph of y = x 2 ? 

y = x 2 + 2 p^j J^J j-iU^j 2 ^ ^LJi y = x 2 

. ( 3-5(b) j 3-5 (a) J£i >l ) . ^LJI 

y = x 2 - 3 f-j J-^J oIjl^j 3 Ji-Sl c lji ^LJI y = x 2 ^ 
. ( 3-5(c) j 3-5 (a) J£i >l ) . jUI 




(c)>=jt 2 -3 (*)> = x 2 +2 (a)>=x a 

3-5 J*£ 
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^L-JI y = f(x) j^— j ^ y = f ( x " a > f—J 

cJl^ lit j^aJI jjSo' . CjIjl*-jJI ^ |a| iJisi i^ljlj 

. a<0 cJlS' lil jL-JI J) ^ij^lj a>0 

j_p iJLJl y = (x - 2) 2 j y = (x + l) 2 f j-j wlb^y ^iS I 3-11 Jll« 

• y = x 2 j 

Example 3-11: How do the graphs of y = (x + l) 2 and y = (x - 2) 2 differ 
from the graph of y = x 2 ? 

I*— j { _ r ^ J— a>«J jL-JI 4-4>J SJL*-j 1 ^t-Jl y = x 2 ^ j qI^j 
x + 1 = x - (-1) j*^ . ^LJl y = (x + l) 2 
. ( 3-6(b) j 3-6(a) J£i >l ) 

'J J-^>^ J--*^ 2 ^L-JI y = x 2 £\j>. 

. ^Ul y = (x-2) 2 
. ( 3-6(c) j 3-6(a) JSLi >l ) 




(c) >• = (.t -2) : (£) >■ = (r + 1 )2 (a) >• = x 2 

3-6 J*£ 
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Scaling ju\j2J\ juju 

.itaj--> y jJu Jjuw <j\i 1 j>o jS\ y lil 

y 4^*-i c*-*^ b) ^1 . y =f(x) ^ y i»-S ^Ju Jjl*« jp 
j-^—ij* Jjljw j_p J_5i' y iA-i jJu Jjlju j^i 1 j 0 ^ v^rj* ^Jlrj 
c - ^LJI y = cf(x) p+Mj >.o.b.^ <2JL)i ^^Ip . y = f(x) ^ y i^i 

lit . y ^ 5iL..jil Jx-** ^ ^LJI y = f(x) ^ j ^ - iJ* 
^^JcJI J -U* jU 0 < C < 1 CJlT lilj y ^^Ju J JL*t« itaj-i C > 1 CJlS' 

. y ,y 

^LS^ii jjtc<0 ^ ^l-J! y = cf(x) dUi ^ . cJL- iJbu 

. x jjs^o ^ y = | c | f(x) 

y=i|x| jy = 3|x| j y = -|x| r uOJl^y U^S \ 3-12 Jill 

. ^LJl y= |x| j ioLJi 

Example 3-12: How do the graphs of y = - 1 x | , and y = 1/2 1 x | differ 
from the graph of y = I x I ? 

y = - |x| ^^JmJ x jj->** ^j-Ip J>\-zJ\ y = Ul 'j 

. ( 3-7(b) . 3-7(a) JSLi >l ) 

J 4a-J J£J 3 _j y iu-i ^> ^ julp ^LJl y= |x| j 

. ( 3-7(c) < 3-7(a) J£i >l ) ^LJI y = 3|x| J\ x 

J 4a*S J£J I j y Ju-i -LLP ^ LJl y = | x | ^ j 

. ( 3-7(d) , 3-7(a) JSLi >l ) ^Ul l|x|y= rJ J!x 




-8 - - 
-10 

(b) y = -lx\ 




(c) y - 31x1 



3-7 JS3 

Polynomial Functions JjOaM ojruS Jljdtfl • 

Polynomial Equations JjdaJI ojruS uV^Ull 



a n x n + a n .,x n -' + a n . 2 x n " 2 + ••• + a,x + ^ = 0, a n * 0 

J_*- J*U« . cJjj ag, a,, a2 a„_i» ^ J V*^^* * n 

. ColsJl JL»JI J* jiiaij ^JLiuJl J^UaJI jik, ^1 
j x 2 -/Tx + l/4 = 0 j 4x 3 -2x 2 + 3x-5 = 0 villi ^ 

, 3 ^jjJl x 'is^^fi Cj^UUjo x 4 +V^3 x-8 = 0 

jv_J x Lr — I CJL^ iJiUw J-S' 4j| Ja^-^ . v-a-JjsM ^ylp 4 t 2 

P(x) = a n x n + a Bl x nl + a n _ 2 x n - 2 + ••• + a,x + a^, = 0, a n * 0 

■ *o» a lt aj Vi» j v-^yo C? 5 ^ ^ n 

. x ^ n JJ! 2»* ? >>*- < * <JiU* ^ P(x) = 0 jjSoa 

P(x) = 3x 3 + x 3 + 5x-6 : cJlT IS I 
P(-2) = 3(-2) 3 + (-2) 2 + 5(-2) - 6 = - 36 : 

P(X) = x 2 + 2x-8 cJlT IS) 
P(VT) = 5 + 2VT-8 = 2VT-3 : 

P(x) = 0 AbU-JI ji^r P(x) J**J ^Ij xiu^i^ jlk 

O*^ P(x) = 3x 3 + x 3 + 5x-6 ibUJI ji* ,y> 2 jjSj' dUS JLp 

P(2) = 24- 8- 10-6 = 0 
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Zeroes of Polynomial Equations djaail ojuS uV^Uil jLLai 

P(x) ^ju>JI Ji bjj CoLJ* r lij I ^Ul 

. P(r) ^Ulu^ (x-r)^ 

r = -1 jjS^i (x+ 1) <Js> P(x) = 2x 3 -3x 2 -x + 8 c**-S lil ^ui 

. P(-l) = -2-3 + 1+ 8 = 4 ^jL-, JSU I j 

2x'-3x 2 -x+8 _Qj x 

x+1 x+1 

. x ^ ijJ^JI o^T Q(x) 

U>£i P(r) = 0 ^1 P(x) = 0 aJ^UJJ IjJlp- r olS' IS) : >Ufl Xijlaj 

UjS;. P(x) ,y SloU (x-r) lil ^SUiLj . P(x) ^ SUU (x-r) 
if^ -34-2*1 jj& dAJS . P(r) = 0 jl P(x) = 0 iibU-Jj IjA*- r 
. P(l) = P(-2) = P(-3) = 0 d*t fyaS P(x) = x 3 + 4x 2 + x - 6 AbUUJ 

. x 3 + 4x 2 + x-6 <y Sw^* (x + 3) 3 (x + 2) j (x- 1) Oj&i 

p_Ji ^ 4-JL.jJaJI eiftj . ( _ r J*»u> :>Ju* r ^U— e>- (x - r) ^ P(x) 
. ^UJi ia-i 4ft ...tfli £jt>- O^UUjP 

. ^1jl>«x-L (x + 4) J* (5x + x 4 - 14x 2 ) p-il I 3-13 Jlii 

Example 3-13: Divide (5x + x 4 - 14x 2 ) by (x + 4) using synthetic division 

(x 4 + Ox 3 - 14x 2 + 5x + 0) + (x - (- 4)) 
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-41 1+0-14 + 5 + 0 
LlJU L_L> ISTjli- ^JUH ^Jl J\ r> -iJI ^ JjVl J^JI 

-41 1+0-14 + 5 + 0 



4_JLp j»j ...tf<vlL> (cJL_iJl t_i^aU) 4m ,mi\\ £jU- ^ JL>JI **->j*o>\ 

fc-i aJI ^bli JL>JI JjL.1 ^UJl t^uJl ^ ^-ij-^JI J-*>U- t-^lj 

. 4ft...flU *-As*» ^ 0^' 

-41 1+0-14 + 5 + 0 

tH 

^>-l pJ' (^jA*-*^^ Mail t j_* ^^J LJ 4 JU>«JI C*»o i^J^lj 4_..l.P 

-41 1+0-14 + 5 + 0 

-4+16-8 + 12 
1-4+2-3+12 
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,..dftU 4-_>-jJ J^-^ji J*' jj^o" <Ji jrjl»- o^i^ 4srji 

Uj_SJ" 4» ...all £jL_i- t*ji*> ^ i$JbJi . llU>- ^LoU LJ ip- Jii LiSf 
ijjL_>- 4s»-jJ . 4ft ,mo\\ ^ ijJL>JI O^Uu) 

. 3 ^ Lfc 4^ ...all 

^ (x 4 + Ox 3 - 14x 2 + 5x + 0 ) + (x - (-4)) ^ JiUlj 4ft,..SH ^jU- 

lx 3 -4x 2 +2x-3+-^- 
x+4 

^ p(x) = o ij-k*Ji 5^ abu* j£j : j**u IL-uVi ^liiri 

. Ij^Ij Ijlr JiVi^ l«J x 7 -3x 5 + 2 = 0 JUi JLpj 

L^>o r i-lP i^>-j j>JjJ I^Jai jJ-L>- l^J ^y-jij f(x) = >/x+3 = 0 Lol 
ilj^kJI Ljl* "X* ijj— c— J iLbUAJI oJl_a jSf l^Li . f(r) = 0 

. i^L-Vl 

n P(x) = 0 4> <-r ^ ihU* JS' I 2DjIm j^i* JU£ 

. UUo' jji>JI n l^J 

-4,-1/2,2 pjbj 3 k^Jb l^J 2x 3 + 5x 2 - 14x-8 = 0 villi JLp 

2 l«J (x-2) 3 (x-5) 2 (x + 4) = 0 JLoLJl -VjjJI o* SbUJli dUi Jlp 
jjJl^- az~J\ oi . ji>£ -4 j 5 j jJ^-T 

. -4, 5, 5, 2, 2, 2 ^ 
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Solving Polynomial Equations jjJpJI ojjjSS uYaUm >■ 

3bH*iS jjiilj a^Sj^l jjtkfcll 

^jJu^l S^-iT 4_bU*JJ IjjUj- a + bi ^a— *3l OIT 131 (l) 

jj_SLi aJ^I O^Ull oli P(x) = 0 <>^>^\ 
<ij~£ feU* ol ^Ui JL, C*J IjJbr a-bi jil^JI ^S^\ 

O^l— nil oli P(x) = 0 i^^l Atj-^Ji iJ^UJJ OIT til (2) 
tf^-S' W j ^.jS b j a d~*- a + Vb~ Ij-L*- 4j^~£JI 

. Cil Iji^r a-Vb" jjSLi 

V + Vi*" 1 + a n-2 xn " 2 + + »i* + *o = 0, a n it 0 

. a„ _J %<.L_p c jao J Suit b jjSLi kW>^JI O^Ul^JI oli 
p-i jj&i 6x 3 + 5x 2 - 3x - 2 = 0 J b/c JIT ft J dUi Jl* 

6 J-*I^*J o^J -l-^o C p-J* ±2 * ±1 *J 2 Jj»i^w SijJb** b 

SJ-^^il i^^l jjJbJI j^j dUi ^ . ±6 , ±3 i ±2 , ±1 pjfcj 
. ±2/3 « ±1/6 , ±1/3 , ±1/2 , i2 , ±1 ^ 

oli P(x) = 0 aliUJI cJlT lii 43? dUi I A^WI j^Ilail l^lau 
x n + a^x"' 1 + a^x"- 2 + ••• + a,x + ^ = 0, 
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J oljPj i^-x-^ ilJL-pl P(x) = 0 _J .<.H jjJL_>Jl Jj_Soi 

i ±2 , ±1 i^cj^JI 12 o^LeUw oijJ^ x 3 + 2x 2 -llx-12 = 0 

. ±12 , ±6 * ±4 « ±3 

<Juap- o^Ua oli ^jJi>Ji <3j.U^» P(x) = 0 oils' IS I 
jv— jJi ^L^j.L P(x) = 0 _J i-JLi>JI jjl^AJ 'i~>JkA\ fU*>) 

j P(a) J lit 4jl <_JL£>Ji lift j^<JI . (y = 0) x jy** 
^ \j1pt P(x) = 0 Jj/J oljU] P(b) 

J ^UJl ^1 JU*y! ^ S5JbJl.i* , x«b jx = a 

. **jlJ&- o MoU» ^S ijJL>Ji P(x) j^j. Ujl^p y = P(x) 

I I 

^ ^L^Ji J)*t P(x) = 2x 3 -5x 2 -6x + 4 J Jujo- Jl* JS3 : 3-14 J& 

Example 3-14: For each real zero of P(x) = 2x 3 - 5x 2 - 6 x + 4. isolate the 
zero between two consecutive integers. 

JLp JLa j^i 3 ^ P(x) = 2x 3 -5x 2 -6x + 4 A^ji 1^3 
-5 '6jzJ&\ ^ iJLJbJl jLjL^^I . 4.,fl,.aV jLL^l u^^LJ" 

JLj;-jJ IS) Lfcil-lxal ^1 JLij 4_»^L*i-l S^^-iJI . 5 J J 

iJL-P J£J P(x) p*5 J^r>-» 4~-i>dl iA-JiJL . b^t oJla ^ jLL^'^l 
P(x) ^ a-^^JI i*-Jili j« ^iljJt . SjUi»-JI o^ciM <y 
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X 


-5 


-4 -3 -2 -1 


0 


1 2 3 


4 


5 


P(x) 


-341 


-180 -77 -20 3 


4 


-5 -12 -5 


28 


99 



jUilxi*. OlTjli) UjJ P(-l) = 3 oij P(-2) = -20 ji Jip-'i 

IpaJj 1 j 0 j_u I !a.fl>. \'jL* j)Lla P(l) = -5 j P(0) = 4 

J>* p-i* . 4 j 3 ^JLi>. yu* JU j^J P(4) = 28 j P(3) = -5 
. P(x) J iJLiJ! j\J>^>H\ Ljt js OjSo ^U-io 

jjl^- JL^y ^ jLT lit 4 JL*>J1 P(x) = 0 jjl^jJ JUUl jl 

jjJujJ {pty 4 — jjl jf ^1 .U-t b ^JbJ! Jlp jlL, . a ja jS\ 
4_JUJt iJiJI . b ja J»\ j^Jl^ j^. ^015' bj AjuiJUJI P(x) = 0 

V a t a„x n + a^x* 1 + a n . 2 x"- 2 + ••• + a,x + ^ = 0, j_£J 

• J ^«^ a n > 0 j 4\JLi9- 
J_f a > 0 viw^ x - a JLp P(x) J i~S>Jl 4^Ji3l julp jlT li! • 
yi^s jl a-j;-^* cJliil t-AMiil ^ I^JIp J-^** 5 aIjlpVI 
. P(x) = 0 J <jJ*J\ JLpI lib- a 

J-S' b < 0 o ,^ x - b ^ P(x) J jA\ 4».,.SU Jul* jlS - bj • 

J i,iJi*JI jji^JI Jfl j>H\ Jl»JI b (yUail ji) ^JLJlj 

. P(x) = 0 

ji—i^f j — r ^^-U o>^iii jl^jI : 3-15 J(Jl* 

. iJLiJI P(x) = 2x 3 - 5x 2 + 6 
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Example 3-15: Find an interval that contains all the real zeros of P(x) = 2 
x 3 - 5x 2 + 6. 

P(x) jLjL*»^ L5 JU-i Jlj^ JJl J_£aj ^JlJI b ^>^S\ iJL«JI JL»-jJL-. 
P(x) jLi^»^ Jl_3- j^S\ Ji*j (^JlII a ^>»^Ji ^-Uilj '<JLSs*}\ 

b j a iL_>^.y . [a,b] SyiJI ^ iJL5>Ji jU^I JS" . 4JUl>J1 
. P(x) = 2x 3 -5x 2 + 6 JIp i*~S>JI f 
II 2-5 + 0 + 6 21 2-5 + 0 + 6 H 2-5+0 + 6 
+2-3-3 +4-2-4 +6+3+9 

2-3 - 3 + 3 2-2-2 + 2 2+ 1 + 3 + 15 

. P(x) J iJLi>JI jU^H) ^'^M Jlj>JJ ^>w> iJL_p jJL^I 3 

. b = 3 OjSj viii JLp 

JJ 2-5 + 0 + 6 
-2+7-7 
2-7+7-1 

P(x) J i^iJLJI jWbU JL>JU pjj -1 jj&j 

. a = -l dUi 

(-1, 3) 5^1 ^ a-aJ^ 1 P(x) = 2x 3 - 5x 2 + 6 IjLL^i jj£y 

Luo Jl^l-J JJi P(3)*0 j P(-1)*0 j*^ l>i . -1 <x<3 
. ijJiaJl IjU^I c.-.l j-=j.LfJI ^ Jju ^JJl 

oli P(x) jjJ^JI ijji^ o-ij IS] . u!jL£)tf ujlLj 5J£(jI 
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^ ol^-Jtf 3 I4J x 3 -2x 2 + 3x- 12 . ^Lui . ^.J^ SjLi! ^Jctf 

. 5jU)M ^ oi^Ju 4 l«J 2x 7 -6x 5 -4x 4 + x 2 -2x + 4 j 5jLi}l 

P(x) = 0 J '<L*ry*S\ oljLi^U Ojl&i o-Lcla J^fr 

J 5 ' ^ p <" x > s -> u ! ^U^ 1 iJlp ^ L - i ' ^ W p (x) = o 

4 ^Jl_p P(x) = x 9 - 2x 5 + 2x 2 -3x+ 12 = 0 ^ j£J dJJi JLp 

j^j . (4-4) /\ (4-2) ^14^ P(x) = 0 

P(-x) = (-x) 9 - 2(-x) 5 + 2(-x) 2 - 3(-x) + 12 
= -x 9 + 2x 5 + 2x 2 + 3x+ 12 = 0 

yJL— jl^r ia-^JLj 4J P(x) = 0 <jj£-i ojLi)h ^ ^^Jtt L$J 
^^Uj v^L- ji^ 1 j v-^j* j-W- 0 2 jl 4 JUa ^UJJ . j^lj 

. j* ji^ 9 - (4 + 1) = 4 jsSl 

Approximating Real Zeros UgSaN jUmV( ujj£j 

\JLib jLSl-yi ^ "tf P(x) = 0 ijJ>JI 5^ AbUJt J>- julp 

jLjw>^I! *> ^Js> jjSo . iiUI Jj^i> jLw>S!i JS* iU«i.l 

^-Ssaj J-*^ ^^ij ' to-LLP j*f^3 <^ jA^I 

^ki— j |»J bl . ( 5 J-msS jJait ) A*«-o^l O^aUaJI jylS iVr.nlj 

. 4--JL^I jU^bU J*Jl ^Jax-J ^ P(x) = 0 J vui^cli J-J^Jl iU«.l 
. iuiJi>JI jLivj^l (jAa-J Ljyfc' ib^jj jSUj Lo oiU 
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'<L->j&^}\ s^xiii v*^. p(x) = o J ja«* v^y^ 

j>lJ^_«Aj dUi J-^f- j-^aj. . P(x) = 0 J yw» ^ 

P(a) 5jL-iJ jj_£y C, A >o b < a j_oJi*Jl Jlj.J^J ila— ji-JI l u . -al l 
...j-^n 4-».^ fl-L>*i-J ^ ^^-J . P(b) SjLiJ iil^o 

. 45jJl ^ 4jj.ll™ It jJJJ 

x 3 + 3x + 8 = 0 : 4hU*JJ ^yuSJI >*Jt J^rjt : 3-16 Jib 

Example 3-16: Find a real zero of x 3 + 3x + 8 = 0 correct to two decimal places. 
l^_J P(x) = x 3 + 3x+8 jj£j oljLi^U Ojl&a oJlpU ^l-L^-L 

Oj <■} P(-l) = 4 j P(-2) = -6 Jl^jJ 4-^>Jl ptjii^Lj 
(^yiJto- yL^ l$J P(x) = x 3 + 3x + 8 Ja^jx*Jl *u-J3I ^iJL^-.b 

aL ..y*\\ 4_o...tfH 4-^-< yJ 1 — «gU j^i j»J^— J . "1 j "2 

: ^UIJjj^J! 



x 




- 1.0 


- 1.1 


- 1.2 


- 1.3 


- 1.4 


- 1.5 


P(x) 




4 


3.37 


2.67 


1.90 


1.06 


1.13 




- 1.6 




- 1.7 




- 1.8 


- 1.9 




-2.0 


-0.80 


-2.01 




-3.23 


-4.56 




-6 1 



. -1.5 j -1.6 yUaJl jjSLi 4-JL- P(-1.6) j vrj* P(-1.5) 01 
j -1.6 SyuJl ^^ip A*A*Sydl 4^.,j'U pLL-^w.lj ^jSaJI pJ^^ 
- 64 - 



o J^Jti SjUi^fl jt-k; jS\j oL^uJl p3 JT JJ ^ . -1.5 



X 


- 1.50 


- 1.51 


- 1.52 


P(x) 


0.13 


0.03 


-0.07 



JUJiJl \J*> f\j±<z~\> Uj£i JL P(-1.52) j ^ry> P(-1.51) jl 
^La>^\ J L t a$\ jSf t^Jai . -1.52 j -1.51 j-o ^yui*- j-jLm* iU-^uJ! 

-i.5i > c*** j\ ^ - 1 - 52 j -151 a* e*. 

4-^1 d Jl_a . -0.02 ^Ijfl- P(-1.515) JbrjJ <iJUi Jp-V . -1.52 
-1.515 j-o £-JL yLjl ji jJi*J vr^o P(-1.51) j iJL- P(-1.515) J 
U-H-jX JLJLP ' ^5— » aLuMl JSj -1.510 j 
ywaJI _ ^.yip j>^dj VLr*^ - Oj-So «^AJj-» ■ -1-51 0j-£j &>.j£* 
.1.51 x 3 + 3x + 8 = 0 J -L^l LJ i« ± a»JI 

Rational Functions 2b>*»£Jt Jljdtfl • 

Rational Functions Ajj*£l\ J1j*tf I 

j p(x) jis* I3>i . ijjL»Ji ^"^^ ^ v- 5 ^ SJlJ-JI 

iJb R(x) = P(x)/Q(x) J^llLj 4_JU1 o^i ijJL^ ^ Q(x) 
. Q(x) j P(x) JU* ^Ui' ^ R(x) jUai . Q(x)*0 <^ ii^S 

Vertical Asymptotes bjhalt 

g-m Q(x) = 0 ^JUp-i 0j-^i R(x) = P(x)/Q(x) d\* 

ojl^-j !ij 4_i! ^1 . P(x) * 0 cjLS' IS) ij-lj i,Lu lijlai- 



IS jZJijt "^ULp (x - a) j jSLi Q(x) = 0 j P(x) = 0 C...>o x = a 4JLyu> 
jjSJ ^Jl^ JJV R(x) c~«ais- IS) . Q(x) j P(x) ^ J£J 
. x = a Jlip l-uij <1 R(x) J ^LJl 

C^L? k x = k ^Ij ia^ R(x) J ^l^i VJ UJI JaiJI 

^ R(k) . c-ijUJI iaiJt *ij tyW* R 00 p— 'JJ 

J-oiJL>^ O^'j^ L*" 1 ! J-^i R W ' P < k > * 0 ^ Q( k ) = ° ^ 

. R(x) J i^UJI J^jkkllj 

J ijUJI I^LiJI ^ U I 3-17 JCU 
Example 3-17: What are the vertical asymptotes of 



J x = 2 Jl_JLP ^XJb ji X 2 -4 = 0 JL^iiywa^ R(x) oV I^Jai 

x = -2 Jllpj 2x - 3 * 0 u x = 2 JiiP . (j-^I j ^jliio t jJa»- x = -2 
JULP ^>ojLJw l ^Ja^ ^JLJ I R(x) j j£j tiJJ JJ . 2x - 3 * 0 j j& 

. x = -2 j x = 2 

Horizontal Asymptotes Ufrt Ajjliil JtjhaM 

Co^_Sl lit y = a Llisi CjUu R(x) = P(x)/Q(x) 4j^S31 aJIjlU jj^ 
^j-J^ R(x) J . ^S>- jjJb |x| iUijl Jul* a <*JiJl ^1 R(x) 

^ R( X ) _j ja^i vj uji . tjb-ij Cat LjU. jsVi 

• Q(x) <srj^j P(x) 'i^rjz i>j\Ji« 

lldfll LjUb <J R(x) j^SLi Q(x) ^0 jsj P(x) CulT li) • 

. y = 0 Jllp 



JL^f. 4_*isi LJjlio <d R(x) jjSLi R(x) A^-ji P(x) <y_,a OjL- lil • 
P(x) J (iU-ja Jlp- J*U*) fJuixJl JoUJI a n y = a„/b„ 

. fJLiuJI Q(x) b n j 

UjLi* R(x) J Q(x) i^ji ^1 P(x) iVji cJlS' lil • 

. ilia! 

J-^b ^-i vjUuJI Ja_^JI ^Li o! ^LJl R(x) ^ 

ebLiJ JlJLP R(x) iljA—o JaiiS LaIaJu*^ 1^ L£aj» 4 JLflb, Oj£j . 4sUaJ 
. ^jliuJI Jo J^T OjJb |x| 

? R(x) 'L3s\ XJb J£J iJtfVi LjUJI J^kiJI ^ b> I 3-18 JldU 

Example 3-18: What are the horizontal asymptotes of each rational function 

R(x)? 

(a) R(x)=4*r: (b) R(x)=- 1 x - T ;(c) R(x)=- 2x+1 



x 2 -l x 2 -4 3 + 5x 

. ^1 t-JjUw ia*- R(x) J fUJl iVji ^Jl«i" ia-Ji 

1 ;p i-jjLio J*>- R(x) J j^SLi 2 ^liJI 1 i^ji (^) 

. y = 0 

2 f JLioJl Ja-JI JLoUo \*JZj 1 fUJIj ia-JI y> V <Vj^ (-*•) 
JuJLP ^yiif ^_jjUo Jap- R(x) J jjSLs 5 pJiixJl ^UJI J^oUjbj 

. y = 2/5 

Graphing Rational Functions Lulg ~4ay*£iS JljJJI 

^ v^ 11 ^j' iJLfl ^' £^ R(x) = P(x)/Q(x) '4>^£±\ aJIjJI p-rj 

^j-iiJI JL»Jl»«j Jl^o . Q(x) j P(x) ^ Ujulp ^1 x 
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isAi>v*JI 4« .„Ml; R(x) ift-J . ijJ^ J5I J J R(x) jiJi^j 

4_jjUJI J»jLiJI JT ^ bo>J>- ^ R(x) cJlS" UJIU 

jj)va>i»)l frj^Jlj jLLmaSM «uJa4S4 J>^Ja>o ijUuJl J»jJa>J! 

,yLJl vlr^ JaiJI ^ bJlP ^S^ij y 

J^-fll aJIjOJ &Lj li-j ' 3-19 jd* 
Example 3-19: Sketch a graph of the rational function. 

R W=-TT 

X - 1 

^^-Sai 5_»jLio x = -1 j x = 1 Jllp !j AjjliLo Ja*- l$J R(x) 

. jL^i }U iLtf R(x) Ja~o j*sJ (j£ ^jyS 4l ^-Jj y = 0 JULC 

. (0,-3) ^ j^^aJI *j»JI jjSLs R(0) = 3 

. <*]gjblA J^Ia^o 4jjUuJI i?^Jai- j«— y ^ jj-*x>*aJI *_}>*J1 
. (1, oo) , (-1, 1) , (-co, -1) jUaJI p S^i J R(x) ^ ^ 
. y jj>u> J\ 4~-jJL ^Ujuo R(x) dj£J R(-x) = R(x) 

R(2)=R(-2)=^2_=1 
R(0 . 5 ) =R (-0.5)= 1 ^ rr =-4 

< iJ \JUS\ -UjLiJI p|jt>«^L . (-0.5,-4) , (0.5,-4) * (-2, 1) < (2, 1) £>j 
. 3-8 JSLi ,y ^^Jt ^LJ! :>jJ^ 
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3-8 JS£ 



Partial Fractions iu>*lf j^SII • 
Rational Fractions ~djj+£l\ 

3x 2 -l 
x 3 +7x 2 -4 

Proper Fractions XuLoalt #*£1\ 

4x 2 +l ft 2x-3 

x 4 -3x J x 2 +5x+4 
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j\ y> jS\ Ja-Jl o-ji <ti jjSo* ^JJi j~£S\ y> ^JJ^\ 

viUJJ . ^UaJI (_jjL-j* 

2x 3 +6x 2 -9 
x 2 -3x+2 

ijJL^JI ^y^u>S ^fZJi*- AjLzS' lljb ^aj. i*-Jtilj 

2x3 + 6x 2 -9 =2x+12+ _32x-33 



x 2 -3x+2 x 2 -3x+2 

Partial Fractions 2ui>*)l 

: 3-20 Jilt 

3x-5 _ 3x-5 _ 2 _ + _ 1 



x 2 -3x+2 (x-l)(x-2) x-1 x-2 

Fundamental Theorems iu«UVl uUjiaiH 

: iJLJl jpljiJI i^w-^- Zj****^ <>\£ jSUj. 

• -^b ^' >^ (0 

^UJ J-oUS' o-L^lj ijA (ax+b) j^L^- JjpU 13) 
^ A A/(ax+b) ll*^ I^T J*UJI Ij^J l^lui 
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3-21 Jill 



x+4 A | B 

(x+7)(2x-l) x+7 2x-l 



. iJai- Ju»I^P (2) 

^LSaJ J-oL*£" ol^Ji ja p iJic ax + b { Ja>^\ OJ^~ \l\ 

^ + _^ + ... + ^_ 

ax+b (ax+bf (ax+bf 
. I jL& j. "if A p j C-ol^S* A| , A 2 , A p 

: 3-22 Jlii 

3x-l _ A + B 



(x+4) 2 x+4 (x+4? 

^ -^b ^' jj^. ^ J*b* (3) 

j— -S' ^ LiuJ JjaIaS' oAs-ij 5^ ax 2 + bx + c l yi+>j> J-*U- la I 

Ax+B 
ax 2 +bx+c 

^JIaU Jl l^JLUi" ^ ax 2 + bx + c 01 ^^il : 

: 3-23 Jill 

x 2 -3 A . Bx+C 



. 1$+o*j vsey J^lj* (4) 

ax 2 + bx + c 

olj-^Jl p p ^^yU Jjlii J** ^toU- <iiJu>- lit 

V+B, | A,x+B 2 | ^ y+B p 
ax 2 +bx+c (ax 2 +bx+c) 2 (ax 2 +bx+c) p 

Bp « Ap * y B p , Ap < . . . i B 2 « A 2 1 B, < A, ul— *~ 

: 3-24 Jdi 

x 2 -4x+l Ax+B . Cx+D + _Ex+F 



(x 2 +lF(x 2 +x+l) x 2 +l (x 2 +lf x 2 +x+l 

jlMj 

Finding the Partial Fractions Decomposition 

3>\**i\\ ^J* <J\d\ ojLsJI jjSo 4*3j>JI J^—S^i «^J^° J^- ^ 

J 4*^1 iJj^w J^jt : 3-25 Jlli 

pie 3-25: Find the partial fraction decomposition of 

3x 2 +3x+7 
(x-2)V + l) 



k Jj&UM JSLi ^LJI *j>Jl j»* (3) « (2) sjlpUH ^Ijui^lj 



3x 2 +3x+7 _ A | B | Cx+D 



(x-2f(x 2 +l) x-2 (x-2) 2 x 2 +l 

3x 2 +3x+7 = A(x-2 )(x 2 + 1 )+B(x 2 + 1 )+ (Cx+P)(x-2 f 
(x-2F(x 2 +l) (x-2) 2 (x 2 +l) 

3x 2 + 3x + 7 = Ax 3 - 2Ax 2 + Ax - 2A + Bx 2 + B + Cx 3 - 4Cx 2 + Dx 2 
+ 4Cx - 4Dx + 4D 

3x 2 + 3x + 7 = (A + C)x 3 + (-2A + B - 4C + D)x 2 + (A + 4C - 4D)x + 
(-2A + B + 4D) 

l$JL>J O^UaJI ^Js- J.rfffWt yUoAJ IjjL~o 

A + C = 0 
-2A + B-4C + D = 3 
A + 4C - 4D = 3 
-2A + B + 4D = 7 
D = 0jC=1jB = 5jA = -1 ijs- J-^i ap^^aJI ol* J>o 

j^-S3t J^jm Oj£i 
3x 2 +3x+7 _ -1 | 5 t x 



(x-2f(x 2 +l) x-2 (x-2) 2 x 2 +l 
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: J***! to* J* 

: uLuUUf ✓ 
Equations uVjUII • 

C ^__J| ^jtfl JS3 a>^>^ ujSo- ydl AJiUJI . c/fcUJI ILL-* 
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cUi x = 3 Jti* -Lis x + 5 = 8 O j& : 4-1 JIjU 

Example 4-1: x + 5 = 8 is true only for x = 3; it is a conditional equation, 
y < x J-S3 (x 2 - y 2 ) = (x-y)(x + y) jj& I 4-2 Jll* 

Example 4-2: x 2 - y 2 = (x - y)(x + y) is true only for all values of x and y; 
it is an identity. 

Ljl^jp lil UiSf 2x + 3 = 7 4bUJU jJV jl y. y> x = 2 JUi Jlp 
jljl ,.,v a ^J>il djS^j 2(2) + 3 = 7 Jl* J-^J aJ^UJI x = 2 

. y = -6 jx = 5 j y = 2 « x= 1 jy = 4 • x = 0 J *2x + y = 4 ibU^!) 

Operations Used in Transforming Equations 

(iDjjj 4jjL-^o ^jUJI cJlS* objL-i* oLjL~i4 cuLj»l b] • 
. x = y+ z jJlp J-^»*J oAr^ ^ J! y x-y = z jlS* 

<iJLJ jJ . <jjL*i* £"^1 Cols' objl...7a oLjL-xo o> lil • 
. x = 3 J* J-^J ^>JI ^ ^ 2 x + 2 = 5 jlT lij 

. y = 8x 2 4*^1 jj£y 4 iJL*JL (l/4)y = 2x 2 ^ > lil 
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h 1 



.x = 3 -4 ^ -4x = -12 p-J lij JJJJ 

. T 2 = (2rc > /(T7^)) 2 =47i 2 .l/g jjSLi T = 2w > /(l/g) 

V47C r 4tc 

. x = 3 jj&a l/x=l/3 li) dUJJ 
Formulas fulfill 

aJ^ju A ijJi\jA\ ~c Jorj A = 7cr 2 jjiUJI i-JLi^Jl J >Li*i 

. r U ^Isd o-i 

_ 32.2 ft/s 2 llytf jj_So- g „ s = (l/2)gt 2 jjiUll ,i 

J — o Ij^- LL^jL- -UaiLo ^JloJ \j S 4jL~JI ii^UJl 

4_bU*Jl J-^o Jb-lj cJ^U ^yip ^^UaJI ^Jij. L5 ls- OjSlsJI j^ji* 

Polynomial Equations jjdalt ojgtt uV jUII 

ax p yV J-SLiJl I4J ... z ,y,x J-*U*JI ^ ^jlp ^ <^b-ty 
Ji: — a J^obcJIj Jup jl <-j>-j* U .... < r < q 1 p ^j~*H\ 
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JLsJI isj-jJ p + q + r + ^j—Sll AS>y±>*A ^jAp jllaj . J-JbUoJl tf> 

z.y.x J^UaJI J 

2 ^3 3xV . 4*iUi ijJL^ ^IT 6 * 3xV,(l/2)x 4 : 4-3 Jll» 

. z,x 5 < z^3 . x 




<>.j—S l$JL« JS* ijJi?- j^ylp jAi-ii' iiJb^o J^aI^o ^ ijJL>Jt o^iS' 

^ 3 i>-jjJl ^ ij-L>JI S^sT ^ 3x 3 y 4 z + xy 2 z 5 - 8x + 3 I 4-4 J ill 
J^^8jz < x 0 _*J5' l y6jz,y t> *J5' L5 s7 < y ( y4,x 

. z , y , x ja 

Example 4-4: 3x 3 y 4 z + xy 2 z 5 - 8x + 3 is a plynomial of degree 3 in x, 4 in 
y, 5 in z, 7 in x, 7 in y and z, 6 in x and z, and 8 in x, y, and z. 

a 0 x" + ajx"" 1 + ••• + a n ,x + a n = 0; a 0 * 0 

ax + b = 0 jl a 0 x + a,=0 
- 78 - 



ax 2 + bx + c = 0 ji a 0 x 2 + a,x + a 2 = 0 
a 0 x 3 + a,x 2 + 2^x + a 3 = 0 



Linear Equations 2uUall uV jUM • 

b < a * 0 C— ...^ ax + b = 0 JSLiJI l*J JL^Ij J^j^ ^ UaiM AbULl 



h „,;» ax + b = 0 J-£^Jl ^ AJaiJI ibUJI j^J V Ujjlp 

. x iU,} x + 8 - 2(x + 1) = 3x - 6 ibUJI ! 4-5 JIjU 
Example 4-5: Solve the equation x + 8 - 2(x + 1) = 3x - 6 for x. 

x + 8-2(x+ l) = 3x-6 Vj! ^-IjsMt 

x + 8 - 2x - 2 = 3x - 6 i^Lsa-Ji ijJL>Jt 

-x + 6 = 3x - 6 ibljcJI 

-x + 6-3x = 3x-6-3x ^ o^-Jc-Jl ijJL»JI 0*^1 



. x = -b/a JL*, <bU*Jl oJu* J» . Ua^T 



-4x + 6 = -6 
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J*-\ — t.^a-fcuJI Xj>Jt lJ JLp J— ^>*ii 

• "4 ,5* l-^j 
Check jLIp-I 

11 -8 = 3 ? 

3 = 3 >J»^I 

Word Problems JiUif 

u.. JU JL>o* Lr Jb ojJas- Jjl Oj-io* 4-^^lS3i J5l— Jl Js- -UP 

A—** J J ^J*j < 8 m jA JJa^ jlS' 13 1 : 4-6 Jl3U 

V JJai^J! ibul ^ Lo . 14m jl-Liuj 

Example 4-6: If the perimeter of a rectangle is 68 meters and the length is 
14 meters more than the width, what are the dimensions of the rectangle? 
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-4x.+ 6-6 = 6-6 

-4x = -12 

-4x _ -12 
-4 -4 

x = 3 

3 + 8-2(3 + l) = 3(3)-6 
1 1 - 2 (4) = 9 - 6 ? 



. w+ 14 J jUI jUol iJiP u*j*^\ iJlP w 

2[(w + 14) + w] = 68 
2w + 28 + 2w = 68 
4w + 28 = 68 
4w = 40 
w= 10 
w + 14 = 24 

. 10 m -ui 24 m aJ^L JJa^Jl 

15 liters J] -ciU) y^. ^cJIJ^JI ol/dJI iJtP ^ : 4-7 Jilt 

? J jx&l 80% J jJL>«^ J-^*mi] J ^xS' J jix* 60% ja 

Example 4-7: How many liters of pure alcohol must be added to 15 liters 
of a 60% alcohol solution to obtain an 80% alcohol solution? 

n + 0.60(15) = 080(n +15) ^ J ±->£$\ jlJLio oH 1^ 

n+ 9 = 0.8n + 12 
0.2n = 3 
n=15 

Equations of lines fejlaall u^bu • 

Slope of a Line k&JI Jdu 

b j a j 1 jiue jLjL-j. *tf l« b j a j,« MS' ax + by = c aJ^UaJI 
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m J— -ll . Ja^- 4_bUJ (f L_«JI) ^UJI JS^JI 4JL5^ ilJ^I c j 
4_JjUo y jirJu ^ iu-JL «J^*j (x 2 , y 2 ) , (x,, y,) J-^aiJl» j~>. 

m _ change in y _ y 2 ~ Y| 
change in x x 2 - Xj 

. X, ^ X 2 ^J9 

? 3x - 4y = 12 ia>JI y U : 4-8 Jill 
Example 4-8: What is the slope of the line 3x - 4y = 12? 

lil . 3x-4y= 12 iaiJI Xz\ju> jU^i' ^■.v.ka; iUv.l "ijl 

(0, -3) ^ JaiJI Jb-i dAJ JJ y = -3 j 3(0) - 4y = 12 x = 0 jlT 

(-4,-6) Uj& cOJJJ . y = -6 j 3(-4)-4y = 12 Jj£i x = -4 cJtf' bl 




1 _ ~3-(-6)_3 
0-(-4) 4 



. 3 4 3x-4y= 12 Ja>JI 

. y Jiy x d^Lj Jul* All ^yju ^_JLJl J-JI • 
. jL<* J-^ *J OjU' k £~?~ y = k ,ySMl Ja>J1 • 
a3 jj-J c-jU k C***- x = k ^y-ljJI Ja>Jl • 

kali Al^Ut jj^MI J41 ^ 

Slope-Intercept Form of Equation of a Line 

t^V (0, b) j_* y j_* jj ^o»aJI ^jiJIj Ja^- J.^ m jlS' lil 

I X * 0 v^*>«J JaiJI ^^^U (X, y) ik& 



. y = mx + b i *y l y 

. 6y y ^ j^^aJI *>>J1j -4 4JL0 Jas- iibU* Jl^j! : 4-9 Jl£* 
Example 4-9: Find the equation of the line wit slope -4 and y intercept 6. 

♦ b = 6 Oj-SLs 6 jj_o>«aJ1 *j_>JIj m = -4 Oj-Xi -4 iau^iJI J-^o 
. JaiJ I jUaJ y = -4x + 6 L ^Jlp J-^a>»J y = mx + b ^ ^aj^jcJ L 

urn . jai 4iu^ 

Slope-Point Form of Equation of a Line 

(x, y) 4Ja£ J— (x f yj) iLtJI J}U- ywj m Ja£- J** jlS* lij 
jj£y . (y - y t ) = m(x - Xj) j m = (y - y,)/(x - x,) Jt* Ja>JI 

. y - y, = m(x - x { ) Ja>Jl ibU^J iLii J-»Ji 

. -2/3 <JUj (1,-2) ikfcJL ^ ^JJI JaiJ! <bUo v-o^I : 4-10 Jll* 

Example 4-10: Write the equation of the line passing through the point 
(1,-2) and having slope -2/3. 

y - y, = m(x - x,) ^j^* m = -2/3 , (x^ y,) = (1, -2) jSf £_t*3 
3(y + 2) = -2(x+l) Js, J^>* U,,..M\i y + 2 = -2/3(x- 1) J* J-^J 

. 2x + 3y = -4 

Two-Point Form of Equation of a Line 

4i*o OjCs (x 2 , y 2 ) < (x,,y,) ^>«^ ia^JI ^» lij 

iiiUJi ^ jv.yd^ • * 2 * x , *M m =(y 2 -yi) / ( x 2 - x 1 ) 

y-y, = m(x-x t ) 
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y-y>=^<*-*.> 

. X = x, ^1^1 Jai-JI ^ J-^»«j x 2 = Xj OlS' 13 J • 

• y = y, <ya'^ ^ J-^ y 2 = y, 0^ lil • 

. (_4,4) , (3,6) J">U~ jUJI JaiJl ihU* ^1 : 4-11 Jil* 
Example 4-11: Write the equation of the line passing (3, 6) and (-4, 4). 

J Je^ ^ (x 2 , y 2 ) = (-4, 4) , (x v y,) = (3, 6) jZJ 

y~yi = t 2 tt l ( x_x i) 

A 2 X, 

y-6=^(x-3) 

-7(y-6) = -2(x-3) 
-7y + 42 = -2x + 6 
2x - 7y = -36 

. 2x-7y = -36 ^ (-4,4) * (3,6) J ^ i^Jt ttjUo 

Intercept Form of Equation of a Line k^l 4) jruda2tl 4iu* 

b J-* y J jj^o>*a *>y>-5 a j-Jb x J jy^»%A *^>- Ja»J jlS' 131 

<y> Ja>JI A^U* (0, b) < (a, 0) Ja&JI J ^ 

y- b= H =(x - 0) 

b , a ^ ^ ulS' IS I bx + ay =ab J I j-**^ ^ydlj a*0 cJlS' 13) 
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a b 

y jj->*aS b j j, +&>%A x jj ->wa\ a jj^o>%a *js~ Ja>J jl5T lil 

s * 
^yfc JaiJI ibU* Uj&i I jAstf j~J b,a^ ^ 

a b 

. 4x-3y = 12 Jaidi iij>*>~J1 ^l^rVl Jbrji I 4-12 Jll« 
Example 4-12: Find the intercepts of the line 4x - 3y = 12. 

Js. Jv»xiJ 12 JLp 4x-3y=12 ibUJl p-Jiij 

3-4 

y J j^sas^o * 3 y x J j^afl^o 4x - 3y = 12 JaiJJ j 

. -4 

Simultaneous Linear Equations 
Systems of Two Linear Equations 

c , b , a ax + bx = c £u^JI i*-ti* y , x ^^JcuJ I ^ iJa>J I iiiljcJ I 
o^^U-dl oJl_a jjjtfl b^sp-l IS J . jUs^l Ujb^ b,a j c^U' 

a 1 x + b 1 y = c, 

a 2 x + b 2 y = c 2 

-y . x ^\ ^jj ^ jil* . o^H^ c*-^ y> 

. ilUJI o^UJJ j^l J*JI j-sbUJI j^U jSpj - (x, y) 
. (5, 2) y> x-y = 3 jx + y = 7 ^^UaAJ J^l J*JI JJ 

ijk>JI O^UaJU |Jalit ftJUb JjU JaJ J^U La 
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(1) 2x-y = 4 

(2) x + 2y = -3 

J^J (2) l^r- 2 ^ (l) y 
2 (1) : 4x-y = 8 
(2) : x + 2y = -3 

^yJL. : 5x =5 x = l 

J-^JIj^Xi . y = -2 jl 2-y = 4^ J^lj (1) ^ x = 1 ^ 

. (1, 2) ^* (2) j (1) J jV\ 

-3 = -3 j! l+2(-2) = -3 ^ip J-^J (2) ^ y = -2 , x=l ^ jUI^I 

y = 2x - 4 ^ J-^l (1) y> iiLJl (2) j (1) ^ojkuJI ^1 _ JLuT 
L^b x + 2(2x-4) = -3 ^ J-^>*J (2) ^ iu^Jl oljb ^j-pj 
. y = -2 ^Jp J-v^J (2) jt (1) ^ x=l ^ . x=l J I 

. (1,-2) ^>Jl 

. J^JL^y fl J_ Ja>- ^^JLp J-*a*jJ lliLj ^JiUJI j^-jl jlJl J^-l • 
. ij-LiJl DjLJb ^Ufr ikiJ (X,y) OUIJL^^L; J*u J>JI 

(2) x + 2y = -3 j (l)2x-y = 4 J ^1 J»JI jl 4-1 JSli 




(\)2x-y = 4 
(2) x + 2y = -3 4-1 J&& 

LuJil j^So "ifj ajux* J** o'itaUxJl j^&a 4jJ1^x« -U^IaiJI cjIS' li) 
jj» L»T j.t« «-» jj- OlijSj (4) 2x + 2y = 8 . (3) x + y = 2 : ^Lu 





. 4-2 






x + v s= 2 . 




0. 








= 2 





(4) 2jc + 2y = 8 



4-2 J£& 
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Dependent equations 

(5) x + y=\ 

(6) 4x + 4y = 4 

4-3 J*£ 



Oj£J iiiJl iJLp -^rji **M J*-^ 

(6) 4x +4y = 4 , (5) x + y = 1 S^a , J^UJ! ^ J 1*3 ^ jjlp 

. 4-3 J^-i ^j-fl J* Lj^So" 

Systems of Three Linear Equations 
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ax + by + cz =d ojj-^aJli J**U»* 6^*^ iJaiJl o^U-Jl OjSo 
lij . lyiso c , b , a JS' c Jj ^L-1JL»- ^IjlpI d , c , b , a 

a,x + b,y + C!Z = d, 
ajX + b 2 y + c 2 z = 
ajX + b^y +c 3 z = d 3 

LjjI J^JLi ^^UiJI o^L-^l ^1 (x,y,z) bjbrjlj 

o^UJl i^Li* : 4-13 Jll* 
>le 4-13: Solve the system of equations 

(1) 2x + 5y + 4z = 4 

(2) x + 4x + 3z = 1 

(3) x-3y-2z = 5 

(3) J (2) y> (2) j (l) ^ x Vjt 
2x + 5y + 4z = 4 x + 4y + 3z = 1 

-2x - 8y - 6z = -2 - x + 3y + 2z = -5 



(4) -3y-2z = 2 (5) 7y + 5z = -4 

(5) < (4) j* z j^l 
-15y- 10z= 10 
14y + lOz = -8 
(6) -y = 2 



. z J J~ (5) /\ (4) J Jvj^l . y = -2 J* J^uJ (6) >; 

(4) -3(-2) - 2z = 2 

+6 - 2z = 2 
-2z = -4 
z = 2 

. x J J~(3> ji (2) ji (O^^^dL 

(1) 2x + 5(-2) + 4(2) = 4 

2x- 10 + 8 = 4 
2x-2 = 4 
2x = 6 
x = 3 

. (3,-2,2) y o^UaJ! 'Icj^ 

. (3) , (2) * (l) c/^UJl J (2,-2,3) aUJI J>JI ^ 

(1) 2(3) + 5(-2) + 4(2) = 4 

6-10 + 8 = 4 

4 = 4 

(2) 3 + 4(-2) + 3(2) = 1 

3-8+6=1 
1 = 1 

(3) 3-3(-2)-2(2) = 5 

3+6-4=5 

5 = 5 

cliXiii 0^iL*JI j_* i_bU* JT ^ OjSo- (2,-2,3) dUi, 
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Inequalities uUjUUI • 

. o>Ua»JI SjLil ^yjco ijs* ^ to Jju. . j^A /\ iJLJb- 

. ( iJLP a-b ^! ) « b ^« jS\ a » a>b (l) 

. ( yJU iJLP a-b ) « b ja jA^\ a » ^y*:' a<b (2) 
. « b ^jLw ji ^1 a » ^yjo - a>b (3) 
. « b ^jL«i - jl ^ a » ^yju" a£b (4) 

. « 2^ yw»! j£Jj yw? ^ a * l^ 0 ' 0<a<2 (5) 
. « 2 ja Jsl -2 ^jL-J jf ^ ! x » ^mS -2 < x < 2 (6) 

. iitj^Jl v-ijL^JJ itfJbJl ^1 J# a~w» UM\ ijLsl! 

i^laJ b j a J aJLS^JI J£J 4^w» OjSo' (a-b) 2 >-l ^ 
. lyu^ j I Oj^j. {j\ gj* 

. 8 X -LLP Jaifl i>^>w» X-5>3 tiAJJJ . ol^^JI 

x<y j a > b ibL^dl . 5jLi)ll ^-Ji l^J c>d j a>b oLjL-J1 

Principles of Inequalities uUjUUI dfilji 

iJuJI ,j— jiij ^^o&l jl -bjl bl ioLs* bjLij ^^J^ci' ^ (l) 

jL_T lij dUJJ . tfjlit ^ ^ s r ^J\ J\ i^UJI 
. a-b>0 ja-ob-c ja + ob + c a> b 

iJ_*JI ,j— Lftli^ J> jl <-<^» lil oLaJl ojLil ^JLff ^ (2) 

ol« k>0 J a>bjlS' 131 dUJJ . v-^JI 
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f>£ j ka>kb 

iJL*)! JLp j^JI lJ^ J5* i-*^ li[ oLiJI SjLiJ (3) 
oli k<0 j a>b jlT li! JJJJJ . ^JLJ! 

f<-r J ka<kb 

k k ^ 

. a n <b n a n >b n j^s n » b ' a J a>b ^! ( 4 ) 

: 4-14 Jll« 

125>64 ^1 5 3 >4 3 Oj£i5>4(l) 

125 64 J ' ^ <4 

^j4>3 16 2 >9 2 j^J 16>9 

l<i jl \6 m <9 m 

4 3 

. (a + c) > (b + d) j^i c>d j a>b jlS* IS] (5) 
. ac>bduliod>0ja>b>0 jlT li) (6) 

Absolute Value Inequalities 2filUtf jtd£M uluLI* 

li_^b 4*JiJ iljpVl JLP ywJI ^ iiL-JI UUail JUJlf 

x - a i-^SJI j] b>0 C~>- |x-a| =b jj& U-Up . jl-UJI 
^j—a b JL»*-j X - a jl j L<ab\ oljl^jjl ^ b jljJLo 0 /^P Jbu' 

jjSci b>0 l x_a l >b oj <Jj* Ujlxp . jttsnU jL-i. oIjl^-^JI 
j£*JL_> x-a<-b jl x-a>b ciUJJ . b 0 iiL^» ^ x-a 

J-at 0 ^ 4il — ^ x-a b>0 |x-a| <b jlT IS) 

b j (-b tfl) 0 j^o JJi! oIjl-^^JI ^* b ^ g£r x-a viJUJJ . b ^ 

. 0 jS\ olJb-^Jl jj> 
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x J aJUI olbLaJl j* JT : 4-15 JCU 
Example 4-15: Solve each of these inequalities for x. 

Ix + 4|<7( V ) Ix-3|>4( i) 

|x-5| >-5 ( O |x-5| <-3 (-*-) 

x < -1 jl x>7 dUJJ x-3<-4 j!x-3>4 jj&i | x - 3 1 >4 ( \ ) 
iU*il U ■ ) (-oc, -l) U (7, oo) ^ J^JI 

5^ O^&'j -11 <x<3 dUJJj -7<x + 4<7 jjSLs I x + 4 1 <7 (^») 

. (-H.3) >JI 

ja jS\ liib j£y MopbW iilJaJl p-JiJl o*^ l> U-5| <-3 (^r) 
JJ^fl^ llsb Qj-& mkJi p-J^t u^f !>; |x + 3|>-5 ( 

Higher Degree Inequalities ^1*1 J* uUjUUI 

! Ui ^ o*>taUJl Jj»- Ji'Ui" y oUjLuJI Jfl- 

ja^^p jjSu— f(x)>0 c-jlS' bl jAsoJI £o jIjlaJI ijUw llsb v-^sj^i 

^ J-*l**Jt * ' <rj^ J I Vj-* J-^^*" J*^' (>^^ x f-** 

J-*>L^ J-^i- ^1 x iL^J J f(x)< 0 6^ bj Aii 

* ^jLiP*}( ^jJUU Jaii J-*a>*i~i L<coy Ijljui* f(x) jlT bl 
i-£~Jl oljL-iyi bU^I o^UJI jUi-L, dUS ,1^1 
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. L_ftjU^p\ o^UJI ^jlp lj>p1 ./r.v....i Jl*-1^ f(x) y J*l^*il 

^ J-«tjp 4 jlj* iJU 16 Jljkj 3 J*^*Jl Ujulp o^U 8 
^1 ^i-soij V^\>* J 1 " 1 -" J! tffF O^UJl c^ai oy» jr 

. JaJa>«* Juj.^ ^ybj O^UJI iijk 

. x 2 + 15<8x ibUJI : 4-16 Jll« 
Example 4-16: Solve the inequality x 2 + 15 < 8x. 

jjSj j (x - 3)(x - 5) < 0 j x 2 - 8x + 15 < 0 JJLj x 2 + 15 < 8x <jj Li*Jl 

I*— JiJI . lIJL— (x - 5) j (x - 3) J-*»^»- OjSo Ujllp 

. I^jL^ J_«l3*Jt nJLjb J— «t>«i' ^yJI i^iJl ^ ujj-^JI J-s^UJ ^r>>JI 

^_JJ 4^,..Svl ^IjlpVI i*>- j^JLp 5 , 3 x J i> ^1 j*-JJJl 
(x-5) j (x-3) J-^U- SjUJ iUJ . olyi 

. (4-4 JS^Jl >il) >J! ^ olyrfl oi* <y £ J 



x - 3 - i 


+ ! + 


t - 5 - i 


- i + 


* J! 
Problem + 


- ; + 



4-4 JS£ 



j\_ Ujl^j J*l^l oljUJ ^yb iljLP^I Ja>- Jjs oljLiVl 

J^UJl jLS' IS) La Jb.JL>*i"j ijLii-l ^ U - J if T S^xiJl ^ ijLxi-! 

1 U^xi-I 3 jl— j ^s> ojziU . iOjL^i-'^l ^JlU y)L jt 
ojLil LJbj^-i -2 J*UJl ji x-3 ^ ULl^^pj ^jL^I 
j 3 j-u 5^ . Cil Ld^i -4 ia-JSJI cJlS' (x-5) JaUJU j _ 

. iJL— (x - 5) j i-j^^a (x - 3) JL_>«J 3.5 j^ScJj i^i ^1 jb><J 5 
j x - 3 ^ u! jl^jJ 12 iA-iJ! Ls^-I 5 o'^iJl ^ f^ij 
j JaiJI c**«j i-j-^^o aj^SUJI ilL-dl SjLil i-L>«j" . £>-ja x-5 

JJLP jlS" lil . olfc ^ J*^' OljUJ ik-ljj »ys JS' 

J-rf?U»- jLT lljL— 4<> ...all ^j^- jl Vj-^' J-*^ <y lHj*^ j* 

. llJL- 4ft Lj^Jt J-^^- OjSLi CJL- 

olyiJi jb^J diJJJ (x-3)(x-5)<0 LsJU. JiW ^1 ol^wll 
jj_£y 5 t 3 j-o S^LjiJI ^ . oljL-i)fl Jaiai^ ^ iJLJ! bjli^JI 
.(3, 5) 5^1 ^ jj_& J^JLJ viJUJJj (4-4 JSLi iJL- iJL^Ji 
Ua^ jlSj ii^xiJI y £li-b c—J 5 j 3 jl ^ Jjd ^IjfiSM £*j>J£c^»\ 
jji-b IjiLT lij Lol . 4. cJtf iojj^Jl i,^LiJI J M aJ3 
b^-iJI 4jI$3 jljlp ^L-aJI ,^^1 j-o ^* C-j5 J.ft.«.7>..» L£i J^JI 

. 3 J Cjli' 
(3, 5) x 2 + 15 < 8x 

. ^.L^Ji y : 4-17 

Example 4-17: Solve the inequality 



p-Jd\ jl j»lJuJlj U ,..,11 JJUJj 0 £s aJI^uJI jjUi 
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jx = 3 j x = 0 x + 4 = 0 t x-3 = 0 4 x = 0 J^L- ,y> aJL^JJ 
. 4-5 J^-iJ^ ^ j-o "diJL*^p olys 



x- 3 - 






+ 


x — 




+ 


+ 


.r + 4 


+ 


+ 


+ 


Problem — ~* 


+ ° 


3 


+ 



4-5 JS1 



. CJL- J*t^JI ^ ijij i-lP Jj£j Ujllp - j lit- J^I^*JI 
}L^- 6j-Sj' \'j-L* U ....II ^yJi p*2JU ^ Sj^ij f IV.-...Y aJL-JI 

\ jL* j~SS\ ^ lio J«*j -4 * 0 j ^ . 3 J }U- y.r>"e Uai- ^jj 
. (4-5 JCi ^1) -4 , 0 J^U- ijjai&o iL- Sb- OjJjSo. ^ 

. (-4, 0) U [3,oo) Sj^Ji J J^J| ^.^j [3,oo) j (-4,0) ol^l j* 

jjjtulm uUjLlUI 
Linear Inequalities in Two Variables 

(X, y) y , X ,ji.jJcJ> <J 4Ja>JI oUi.UaJI > J*^. 



- 96 - 



. AjLJI J^JaJLj 4Ja>JI 4JjL^*JI J jis- J^rjj oiU- 

. 2x-y<3 Jbrji : 4-18 Jlli 
Example 4-18: Find the solutions for 2x - y £ 3. 

I^JaJ . 2x - y = 3 2x - y < 3 ijj.LxJLj jJlicuJI J*>J1 ^-.y 
^ — sozj» IL>- ^j->.Y...ij J-»Jt ^ ^ j*^ pij-***—"^ 

. (4-6 >1) dUi JU. iWjJU 
aJ^-UJ Ljjaiu lL- f J^-Ji J^Jl Ujaf. ^ JaiJI jlT lit 

^ JaJLJ! ^ Ja>JI yJl^r Jb4 JlP lukxJI JllaJ . diii JLp 




iLndlj C......J ^-k* 3 J*^ ^^k-* • ^.^iJ 

lljb JLp .L^t JT jLs^l vUu» lit . i^Jl JLo 

oUI jL*^t ik2J ji^i* lit . JxJt ^ oijsr^* ia>Jt y> *-JUJt 

dUJJ . J>Jt ^ Ja^t ^ ^l^t tJLA ^ ^ ^t j^' 

. jL^I 4kSJ ^ .UJ1 ^ ^JUJI ^ >Jt ia* 6jS0- 

Vt-^— * ^i-jJ 2x-y = 3 J*»JI Jlp C-J P(2,4) ikiUt 

2(2) - 4 < 3 Jl*J 2x - y< 3 <b.Lx*Jt ^ (2, 4) . jt^-t iLiLS' 

AkHJ ^ <£^J1 JaiJt uJl> JUiJ . 0<3 I^B 
Q(5, -2) fc^l J3 US' til . >JI iiku J) <SjU}U (2,4) jL^t 
j± tiAj 12 ^ 3 ^ LJLa>- JJ UTj 2x-y<3 ^ Lu^pj 
^1 ItfUJt ^ ^ oJjb . Q JaiJI j4 4^Ut lillt bS3j 

. P iL&Jl ^tjLi^-.L UUjis^j 

4 11LJ1 4 akLJt ^j.JLp J^v.^j 4-6 JSLiJLj 2x-y<3 J»- 

. JaiJtj 

Systems of Linear Inequalities 2UbaN uUjUUI uUj&i* 

4_ik«Jt jt _ ^JsLtfi' 4_*jhutl o J — a J^-j 4Ja#Jt olbL^Jt 

. ob,.U*JJ J^il j^Llo _ aS>S-JI 

^ — Jlj ^^ L^oJi oli i_j)^JiixJJ Oj-So Lvs L-*Jb 
clots' til . iJiku o^L-uJI L^-^Uo ^Lfcy 




. x-2y<-l j 2x + y>3 olbU-JI io^kL* : 4-19 Jill 
Example 4-19: Solve the system of inequalities 2x + y > 3 and x - 2y < -1 . 
. jjU«aJI Lr ii ^Js> x-2y = -l j 2x + y = 3 S^tuJI oViU^JI 
2x + y > 3 ^ ^j—z^Js 43^1 I^JaJ UJaius 2x + y = 3 JaiJl 

. x-2y<-l ^ (Jj^>*a f^ai }La** x-2y = -l ia»Jt j£Jj 

Jjjjj ^ J J-sJI A-.ik;.o u jSoa *>«->«<m* 2(0) + 5 > 3 fykJ 

J_*JI iikui 0-2(5)<-l fyii . 2x + y = 3 JaiJI 

. x-2y = -l Ja>Jt jL-j. 
4-7 J-SLiiJ UUaJt iik^Jl ^ x-2y<l j 2x + y>3 iiku 
. iJULLJl 4ikuii iJL>*Jl Jsfl.u.M JaiJI f.^- JLp ^Jdlj 




4-7 J£i 
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Determinants and Systems of Linear Equations 

Determinants of Second Order 2^£lf <> ulJOatl 

: >^ 



-1 -2 



j=(2)(-2)-(3)(-l)=-4+3=-l 



< a „nH -2 « -1 ^^auJI^ JjSll L-i-^JI <y 3 « 2 ^.^p-a^l ^ 

Cramer's Rule >•) Sd£l2 

oii y ^flj ^ jyu L ffJ l j^^UaJI oUjJiu J*- ^j^** 

a,x + b iy = c, 

a2X + b 2 y = c 2 (4.l) 
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c,b,-b.c, a.Cj-c.a, 

a.bj-b^ a^-b.a, v ^ 2 ' ' 7 











c 2 b 2 








a, b, 








*2 b 2 




*2 b 2 


(4.2) 



: Ji u 

:0>wJl (Jafrf (4.2) f Uo ( I ) 

a, b, 
h b 2 

. oMiUil Up jlkj D 4J) jUj, iJi^l lijh . (4.1) 

JI.V.V -J JLJLP . (4.1) l >_~Vl <J>JI Coljiil ^L*j 

. D y Jb.Jl>Ji iJl>*JI ^Js. jJLIai cJjiH ^<>l*J 
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;ujkuJi j>. : 4-20 Jilt 



4-20: Solve the system 

2x + 3y = 8 
x - 2y = - 3 

2 3 
1 -2 



D = 



= 2(-2)-3(l)=-7 y>y < x ja f\Ju 
8 3 



-3 -2 
2 8| 
1 -3| 



= 8(-2)-3(-3)=-7 
2(-3)-8(l)=-14 



D _7 D v 

-5"=— y-f 



-14 



. (1,2) y> iojkuJI J>- jj& JJUJuj 





. .. ... 



Determinants of Third Order ttNill 4" "bJ^ai 

a, b, c, 

a, b, c, 

^ b .i 9, 

i_JjjL^> ^9 4-3* j^a ^tfliC- <Uu>j' ^jip ^j2>»AJij 
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a,b 2 c 3 + b,c 2 a 3 + c,a 2 b 3 - c,b 2 a^ - a,c 2 b 3 - b,a,c 3 



. z t y * x ^ iJU! 

a,x + b,y + c,z = d, 
+ b 2 y + c 2 z = d 2 
a 3 x + b 3 y + c 3 z = d 3 (4 . 3) 

J*. J^aj . Jt}j4r** ^ iJaiJl O^UaU ^ijS' oJipUi il-LusI 

Jlp J^J (4.3) J cObU-JI 
^_ d,^+cAb 1 +b l <^-c l bA-b l dft-^c 2 b 3 

a J b 2 c 3 +b 1 c I a J +c l a 2 b 3 -c l b 2 a 3 -b I a l C3-a 1 c 2 b 3 
y ^ a ) d z C3+c l a 2 d ? +d ) c 2 a 3 -c l d 2 a 3 -d l a 2 C3-a l c 2 d 1 

a 1 b 2 C3+b l c 2 a3+c I a 2 b3-c ) b 2 a 3 -b 1 a 2 C3-a I c 2 b3 
z= ^b^-t- d,a 2 b 3 + b^a,- d.b.aj-b^d,- a l d z b 3 

a 1 b 2 C3+b 1 c 2 a 3 +c l a 2 b3-c l b 2 a 3 -b 1 a 2 C3-a 1 c 2 b3 

^ US' obJ^I aWjl, L^l^ 





a, b, 


c . 




d, b, 


c . 




a, c , 




a, b, d, 


D= 








d,b 2 


C 2 




^ di S 




a.b.d, 




a,b 3 


C 3 




d,b 3 


C 3 




^ d. c 3 




a,b 3 d3 



^L—u "il <Jl ijajLJUij (4.3) Z « y * X O^ULjco ^JLj»*» yt» D 



(x, y, z) i*^laiAJt Jj>- 

D, D y D, 

— . v=— . z=— 




. 4uluJUI uV^UI > 5> ^ 

. Jjimil kill ✓ 

. uUlujj a^MI uVjUII uUjftU ✓ 
Quadratic Equations ^LuluJUI JUif • 

C*_*>- ax 2 + bx + c = 0 J5LsJI x ^J^uJl ^ Vvrf^Jt ibUJI li-li 

. a*0 j C-^ly c j b j a 

3x 2 - 5 = 0 j 2x 2 + x - 6 = 0 j x 2 -6x + 5 = 0 OjSj- dUJJ 

c = 0 j! b = 0 j^. ^xJI ^iUi- ^ iUlS' i-^yJi ibLuJ! 

. 3x 2 = 0 j 7x 2 -2x = 0 j 4x 2 -5 = 0jiU 
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* 

j j_So" dUi) . x = 3 j x = 2 iL-i ^ x 2 - 5x + 6 = 0 

* » * » 

. ibUAJJ Ijjlr jl ljLi^>l x = 3 j x = 2 

Methods of Solving Quadratic Equations 

. (b = 0 jup) l ^ s - a0 sll ji^L J>JI [ 1 ] 

. x ^ vco/Ji *bUJt ^ : 5-1 jilt 

x 2 + 9 = 0(^-) 2x 2 -21=o(^.) x 2 -4 = o(?) 

Example 5-1: Solve each quadratic equation for x. 

(a)x 2 -4 = 0 (b)2x 2 -21=0 (c)x 2 + 9 = 0 

. x = 2,-2 jji>JI u^ij x = ±2 j x 2 = 4dUJJ x 2 -4 = 0(l) 

jjj^JIOj&j x 2 = 21/2dUJJ 2x 2 -21=0( v ) 

. x = ±V( I 9)=±3i jji>JI jjS^j x 2 = -9 dUJJ x 2 + 9 = 0(-^) 

JJ^b>Jl [*] 

. x ^ 4***^ aJ^I*o Js- : 5-2 Jill 

x 2 -5x + 6 = 0 ( v ) 7x 2 -5x = 0 ( I ) 

Example 5*2: Solve each quadratic equation for x. 

(a) 7x 2 - 5x = 0 (b) x 2 - 5x + 6 = 0 

J-^U oH C-liS . x(7x-5) = 0 L^U*' ^yS^. 7x 2 -5x = 0 ( \ ) 
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Ja*ij ji^W Ujl— • J-*U J5" ^-niii j-i^ ^UL«Ji v-»j— ^ 
x = 0 dUJJ 7x-5 = 0 jl x = 0 i*yLJI iJa>JI o^UJI 

J-^U jV I^Jii . (x - 3)(x - 2) = 0 \f*\sS x 2 - 5x + 6 = 0 (^) 

^i]JJ . x-2 = 0 j x-3 = 0 i>«UJI ^..Y-jk^JI j~bUJi 
. 4bU«J! jjlsr ^* x = 2 j x = 3 

^liUS^>Jl [>] 

. x 2 - 6x - 2 = 0 J*- : 5-3 Jill 

Example 5-3: Solve x 2 - 6x - 2 = 0. 

x 2 - 6x = 2 

£c-^lJ x J^Ljco lJ saS £— >y> 9 »^>- j^-jUJI ^ J53 9 <^Li» 1 

(x-3) 2 =ll /\ x 2 -6x + 9 = 2 + 9 

. x = 3 iVTT ^ ijiLJI jjl>JI Oj&j x-3= ±VTT dUjJ 
. Vw>JI O^iUJI jjiUi flJui^L J^JI [ J ] 

OjiUJL ax 2 + bx + c = 0 v^^l aJjUaJI J^*- ^^iwu' 

-b±Vb 2 -4ac 

x= - 

2a 

. i-*-^ ibUJJ jdtai b 2 -4ac jU* 
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. c= 1 < b = -5 i a = 3 L» . 2x 3 -5x+ 1 =0 I 5-4 JIjU 
Example 5-4: Solve 2x 3 - 5x + 1 = 0. Here a = 3, b = -5, c = 1. 



-(-5)±j(-sM(3)(H = 5±Ji3 
2(3) 6 

c = 3 « b = -6 , a = 4 La . 4x 2 - 6x + 3 = 0 : 5-5 Jll« 
Example 5-5: Solve 4x 2 - 6x + 3 = 0. Here a = 4, b = -6, c = 3. 



_ -(-6)t/M) 2 -4(4)(3) _ 6±V^12 = 6±2iV3 
X 2(4) 8 8 

= 2(3±iVT) = 3±iV3 
8 4 

JLJ\ J>JI [ Jb] 

y = 0 S^bJl x ^ ^ ax 2 + bx + c = 0 j\Jua\ jl iLJLtoJI 
JjJbJI jj_So- dJUJJ . ^LJt y = ax 2 + bx + c ^sl^JI ^11 JLp 
iij . X jji** £> *yt£Jl ^JaiJI I4J ^yJl JaidJ X C*lolJL»-J ^yb 

. £JL>*y jjj^Jl cJlS" x p-v^ 

Sum and product of the Roots 

aX 2 +bx+C = 0 4**^^! ibU^! jJ«i>*J P < r >j^\ J-m^U-J S £jaj*aJ1 

. P = c/a j S = -b/a Jwtf 
« S = -7/2 c = -6 « b = 7 « a = 2 J^J 2x 2 + 7x-6 = 0 ^ ^JUJJ 

. P = -6/2 = -3 

tbUJl* r 2 * r, Ulj-U ^Jl iiiUJi oi dUi JL. 

^1 iJjUJl dUU . P = r, r 2 j S = r, + r 2 x 2 - Sx + P = 0 

- 108 - 



. x 2 + 3x- 10 = 0 jt x 2 -(2-5)x + 2(-5) = 0 ^ x = -5 « x = 2 Uljj^ 

Nature of the Roots ^bjb • 

. b 2 - 4ac J^a-J1 iL^ljj ax 2 + bx + c = 0 2Jibc*Jl jj-W 

! . 4*xJi>- ilJLPl c < b < a jt ^l^b 

. 4jjL-x« ^pj V**^ jj-^l Jj&" b 2 -4ac>0 jlS* lij (l) 
. 4jjL-^oj <u£^>- jjiijJi b 2 -4ac = 0 olS' IS] (2) 

. aJL^J jjJ^Ji Oj&' b 2 -4ac<0 jlS* IS) (3) 
: OjSLfl il-Jipi c < b * a jl ^l^b 

jjl^JI ^jU* V Lib- Cuy> b 2 - 4ac jlT IS! (l) 

. 4jjL-^i>j hj~^J j,?-*-?*^ b 2 -4ac = 0 jlS' IS) (2) 

i-JLi- jj-i^jJI 0^£i lib* £jy> ^^J b 2 -4ac>0 utf' IS) (3) 

. aJl^' jji^JI J^i' b 2 -4ac<0 jlT lit (4) 
b 2 - 4ac = 7 2 - 4(2)(-6) = 97 j*~Jb 2x 2 + 7x - 6 = 0 ibUJl j£y JJ 

Radical Equations 2b>i*J! utfjUtl • 

dJJjJ jisJI C*»* ^1 J^^o 4bU* ^ ibUJI 

Vy"=Vy-4 j V x + 3-V~x=i 
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VSo3-^"=i : 5-6 jlii 

Example 5-6: Solve Vx + 3 -Vx~ = l 

Vx + 3 =Vx +1 JiJL 
-s/jT = 1 ji x + 3 = x + 2>/x+l £o>Jb 

? i, 2- 1 = i : jL^s-i 

uUlujj ^ a^MI uV^WI uUjftU • 

Systems of Equations Involving Quadratics 

Graphical Solution fntuM J^Uil 

o^LaJI y ,x ^ y,x y jj&jujji j-^UaJ iJLibJl io^l JjLJl 
ijLJI ^ktitf lij ^^J^UaU a** - ^ 

Algebraic Solution J^iMll 

x 2 + y 2 = 25 (2) x + y = 7 (l) I iojkuJ I I 5-7 Jill 
Example 5-7: Solve the system ( 1 ) x + y = 7 (2) x 2 + y 2 = 25 
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x 2 + (7-x) 2 = 25 t > J^y. . y = 7-x ±~ y J (l) J>- 

6j-&r Ujul* . x = 3, 4 j (x - 3)(x - 4) = 0 ^1 x 2 - 7x + 12 = 0 
y = 7- x = 3 J j-SLi x = 4 j j_& U Jupj y = 7 - x = 4 j j£J x = 3 
. (4,3) « (3,4)^4^1 jy>Jl o^So- cOJJJj 

ax 2 + bx 2 = c : J&Jb OlxbUu [ v] 

3x 2 + 2y 2 = 14 (2) 2x 2 -y 2 = 7 (l) : i-^kuJI I 5-8 jtiU 
Example 5-9: Solve the system (1) 2x 2 + y 2 = 7 (2) 3x 2 + 2y 2 = 14 

^ (2) J\ 2 ^ (l) y eJi^i 

7x 2 =28 , x = ±2 jl x 2 = 4 

JjJI^a^I . y = ±l ^ (l) <y x = -2 j! x = 2 £^ j^t 

. (-2,-1) , (2,-1) < (-2,1) < (2,1) ^ 

. ax 2 + bxy + cy 2 = d : J^iJU OlabU* [jt] 

i^UJI : 5-9 JlJU 
(l)x 2 + xy = 6 (2)x 2 + 5xy-4y 2 = 10 

Example 5-9: Solve the system 

(l)x 2 + xy = 6 (2)x 2 + 5xy-4y 2 = 10 

j (0 . j~b\*Ji ^ ^ c^Uii j^JI cJJ^i : l a&ijkif 

^ C>^ 3^(2)^5 
x 2 -5xy + 6y 2 = 0 , (x - 2y)(x - 3y) = 0 , x = 2y j\ x = 3y 

. y = ±l jly 2 =l^J^J(2) J i(l) uJ 9x = 2y j^l^ 
- Ill - 



j dJLJ JJ x = 2y = -2 j j£j y = -1 JJs-j x = 2y = 2 j y = 1 Julp 
(2) jl (l) J x = 3y ^ ^ y = -l , x = -2 j| x = 2,y=l j^UJl 

2 1 </2 

y =— . y= ±— — 
y 2 y 2 



^2 , 3^2 
y=-^_.x=3y=— 



y= — - — , x= — 

3 2 2 

(2 , Ih( _ 2 ,_ l): (3f4}(_3^._4) 

^^UJt J y = mx j£J : 2 3i5j>W! 



x 2 +mx 2 =6, x 2 =— 

1+m 



x 2 +5mx 2 -4m 2 x 2 =10, x 2 = 10 



(2)0- 



l + 5m-4m 2 



10 



1+m l+5m-4m 2 

^ L^T ..... J^Ji y = x/3 j y = x/2 JJUJJ m = 1/2 , 1/3 l^Laj 

. 1 iijail 
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Sequences, Series, and 

Mathematical Induction 





. uUI>Uf ✓ 
. 2LuUa)l uLJI>UI ✓ 
. \,«Ju.^l uLJI>UI ✓ 
. Ul^J^UI a>,m,U^l u^UUuUl ✓ 

Sequences uLJIjItl • 
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Arithmetic Sequence 2 U jL m * JI 2Ldl>UI • 

_ Jj^i Juju _ l^JLQ J_f iljipl J* 4J1^ iL>Usi-l A-Jl jsll 

l-Lj* LJ JLP JjL-JI *Jl_jJI CJ _ J] }JS- £A>*J Ifcip Jv*>^ 

. iijsjm JjliJl c~»Ul iJbJI 

JL^ J_T iol— 4-Ji>i* ^ 3, 7, 11, 15, 19, JJJJ 

50,45,40, ioL*>JI 4JIjsaJI . ^LJI ^JlJI J I 4 4*1p J-*a»o 
. 45 -50 = 40 -45 = -5 J^,^^! JjjUJI jjC. 

. / = a + (n- l)d -i»J1 j I ^^Jl • 

. ijJL>J! ^ n Jjl ^ajj»jo • 
S-|(a+/)-|[2i+(n-l)d] 

. ijJL>Jl ^JLp = n 

. ij-LsJI jjt n Jji ^jAjjc-o - S 

< a = 3 3,7, 11 4^oL....^l 4_J»J-^t j-^l * 6-1 

. l = a + (n-l)d = 3 + (6-l)4 = 23 y> ^oUt Jl^JI . d = 7-3= 11 -7 = 4 

Example 6-1: Consider the arithmetic sequence 3, 7, 11, ... where a = 3 
andd = 7-3 = 11 -7 = 4. The sixth term is 1 = a + (n - l)d = 3 + (6 - 1)4 
= 23. The sum of the first six terms is: 
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S=|[2a+(n-l)d]=|[2(3)+(6-l)4]=78 



S=il(a+/)=^[3+23]=78 
2 2 

Geometric Sequence 2LJI>UI • 

. 4^ ^sJSil A_«Jl 4Jp jik. C-jU iJbu JjLJ! iJuJI v-J^ aJlp 

4JL*- ^Jtf- i^JLUb 4Jljx« ^ 5, 10, 20, 40, 80, jJ 

9,-3, 1,-1/3, 1/9,.... i-JLL^Jl aJIjxJI ^ . 2 J JjLJI iJuJI 

=1 3 = 1 = -l/3 _ 1/9 = 1 
9 -3 1 -1/3 3 

. / = ar nl j^-HS J^JI jl ^>JI JL^JI • 
ijJ>JI ^ n Jjl £_y*>*A • 

s .«(f-i),jri >r#M 

r-l r-1 

. Jj^|JbJI=a ^ 
. i^^xJUJI 4 ; ^;) I = d 
. Jj>JI jJlp = n 

. ^Ju>Jl J* n «Jj^ ^JA^a = S 

j a = 5 5, 10,20 i^jLi^JI aJIjsJI ^1 : 6-2 J& 
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Example 6-2: Consider the geometric sequence 5, 10, 20, ... where a = 5 
and 

r=^=*U2 
5 10 

^ Jjl £j**u>j . / = ar n -' =5(2 7 -') = 5(2 6 ) = 320 y> ^LJI ^\ 

The seventh term is / = ar"" 1 = 5(2 7 " 1 ) = 5(2 6 ) = 320. The sum of the first 
seven term is 

Ss a|^5(r-1L 635 
r-1 2-1 

2uit«i>ui U • 

Infinite Geometric Series 

4. ...ill 4_Jj Uft 4— Jl^o (Soo) iLfriVU J J ^^.-Jl Jmj 

|r|<l S.-^ 

i^t^l i^ju^JI aJUL^JI ^pI ! 6-3 Jilt 
Example 6-3: Consider the infinite geometric series 

i-± + J_L + ... 

2 4 8 

Where a = 1 and 2 = -1/2. Its sum to infinity is 

y> i I^jVU J J r = -1/2 j a = 1 

S - a - 1 = 1 = 2 
"~ 1-r" 1- (- 1/2 ) 3/2 3 
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Harmonic Sequence 2u22l>ttl 3lJI>UI • 

. LL> 'jJ\yjo JSLij L^jiiLo ii-Xpl aJI ^ yj\ ^Jljsit 

iiiil ... 
2 ' 4 ' 6 ' 8 ' 10 ' 

. ioL*?- <A\ 2, 4, 6, 8, 10 jSl iJul y *J\jza ^ 

Example 6-4: Compute the 15 th term of the harmonic sequence. 

1 1 _L ... 
4' 7' 10' 

y» ^^joUJI Ujl>- 4, 7, 10, ... . ^y* I ^UJI ioL-j»JI aJIjxaJI 
j^u* ^L^JI J^JI dJUJJ . / = a + (n- l)d = 4 + (15- 1)3 = 46 

. 1/46 V^J=f ytjs-JU 

Means ultim/UI • 

Ja^uJI 3, 5, 7, 9, 11 iol-^JI aJIjiaJI ^ dUU 

^^-ft 13 , 3 i*jL*i»- oUa**j£« J* 7 , 3 ^ i^i^— 

. 11,9,7,5 

4..., oUa-jxJi 2, -4, 8,-16, 4.^,1;^!! iJl^uJl ^ 

. 8,-4 pjb -16,2 jjj. 
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11111... 

2 , 3'4 , 5 , 6' 

^}U1I i-Jisl^JI olk-j^JI 1/3 yt, 1/4, 1/2 ^ ^IjJi Ja-jaJl 

. 1/5 , 1/4 , 1/3 ^ 1/6 , 1/2 ^ 

? 1/4,3/8 ^I^Jl J=u->oJl U : 6-5 Jli« 
Example 6-5: What is the harmonic mean between 3/8 and 1/4? 

1/4 , 8/3 ^ ^L-jdl Ja^jx-JI 

1(1+1 

2(3 4j24 

ciUiJ . ^y^- ULjb j£j B jA^ ^L-^Jl -L-jxJI jt 

. 24/35 y> 1/4,3/8 ^ ^IjJI -L-jxJI jj^. 

Mathematical Induction <j£UjJI gCyyUVI • 

Principle oi Mathematical Induction £l2yyUtf! oJ^li 

• i^e^awJt i*r*-^<dl .itjLP*il ^^Ip- ^j-^aJl ^jiuu t-iyii* 

^IJl-pVI ^ i^-jJ ^ o^J 

^j^a-jJI 61 •* J - aJU- i£> >-r k ^IJl>«x*«1> _ ^Ui7...<JI Jjo jjSo 

. Vrj*^^ 4^>t*aJl iljLP^i J53 Ca3 

Principle of Mathematical Induction u£U>JI fcUuMff odcli 

iJ_p J_£J ^»*-^ 1^>^> j>So 01 ^>-£~ Cai P(n) j£J 

A^>-yJ\ 4_^>^Jl jUpMI JS3 P(n) . n ^ry> 
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. p(d (1) 

Oj£j. P(k + 1) ^*mV.> IJ^i n = k Jup P(k) jlT UIL» (2) 

^UjJI ^UuiaVl >«ldPbUb uLuVl 
Proof by Mathematical Induction 

^1^1 j^LJiJl ji 4 — s^jJaJI Aj^jhs}\ jl ^^JLn-iJ ! ^^^cdl* (l) 
. n = 2 j! n=l ^-^3 n Vr^Jl S^^^aJI ^IjlpVI ^ Ji^iy 

JlJLP 4-Xa^> C *j( pJ" n = k -LLC- j^LiM jl Aj.^JaJl ix-^ (j^r^l ( 2 ) 

. n=k+ 1 

jjiUJl jl jl ^1 uU^U-i ^jLiJI ^ pUil 

a (^jl— J jl ^,--^1 4>r.T./tll 4-j>-^aJ1 il-LoSll J£J ^>«-so 

. n O^o^aJI 

Example 6-6: Prove by mathematical induction that, for all positive integers n. 

, „ n(n+l) 

1 + 2+3+... +n=— - 

2 

. j*^ n = 1 -LLP ^x^> jjiUJl ! JjVl SjJaiJI 
1= 1(1 + 1) t 

2 

(k+ 1) ^Ajjtj jvi' n = k jllp jjiUM ^,^1 ♦ 'Sy^t b^LiJI 
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i +2+3+ ... + k +(k+ i )=J4*±i> + (k + i ^Miaasl 

2 2 

. n "ifjj (k + I) ^.yu JLic- n(n + l)/2 

Jljlp 4ji U~>l -Las n = k Julp \j>^j*l*0 j^iliJl jlS* lij dU-i) 

J ip L>. A >T sg jj-S^s n = 1 JlJLp ^>l^ UjjUiil n = k + I 

.X :p L» e *> t -rf? j j-^j n = 2 Jup ^>w? <G*}lj dU JJ . n = 1 + 1 = 2 
^Ijl_pMI J_SJ UjSUN o^i . n = 2 + l=3 

. n 4>«*>«*^jl 



www. ibtesama. com 

0joLuuiJJ1II QJbuo lSJJuuo 
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uli 3^ j^fiH) JjjLSJI 

Permutations, Combinations, 
The Binomial Theorem, and 

Probability 



- 121 - 



3u*UVl dud! qJa\S • 
Fundamental Counting Principle 

4_5bi JULPJ i-iki»AJl J* m ^-Uj JLs-ij *bt ^Slal bl 

4 tflv-Woll (i^-UJl ^ n *j p^jZ. *bi oJift JL>-L 

. iiL^Jl Jj^laJl m«n jJju ^l^JI *bl J^A-i 

j-^j^ 5 J J^U** UJi^J 3 JLa bl 

. 4i^J» 3 • 5 = 15 i-U> ^.^ull ^ JjLi ^jS^i S-U^ 
x 2 ^Jb»j a 2 *blj Jj^IaJI x, jjlaj a, *bl ^^S^i bl Ia^pj 
jj> x n iJL*j a n *blj (3^1 x 3 ^Ji*j a 3 *blj 

. J^aJi x, x 3 x 3 x n iJbu l$jbi a, a 3 a, a n kj\>UJt 

d\Z bl cAi^kj 5 j lUjAS 15 JJULqj : 7-1 

Example 7-1: A man has 3 jackets, 10 shirts, and 5 pairs of slacks. If an 
outfit consists of a jacket, a shirt, and a pair of slacks, how many different 
outfits can the man make? 

x, • x 2 • x 3 = 3 • 10 • 15 = 150 iLJ* 

Permutations JjjLill • 

abc , jjb 5y> JS* c , b , a tij^ <tf ^ Jj.^^' 

j-jjl i^P-I — o c , b , a t-Jj^^l JiiLi" . acb , bca , bac , cba , cab 
. cb , ca , be , ba , ac , ab ja i y JS" 
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. n! = n»(n- 1)! C^jj n! = n»(n- l)(n - 2) ••• 2 • 1 ^1 . icJail plSj^t 
. 0!=1 j! 1 OjSy ji-s-ai^ t-JJj-si* 

jr ;u-i ji^ji : 7-2 jilt 

Example 7-2: Evaluate each factorial. 

(a) 7! (b)5! (c)l! (d) 2! (e)4! 

(a) 7! = 7 • 6 • 5 • 4 • 3 • 2 • 1 = 5040 

(b) 5!= 5«4«3«2« 1 = 120 

(c) l! = l 

(d) 2! = 2 • 1 = 2 

(e) 4!=4-3«2 - 1 = 24 

pX^HS ja n ijJ (ol^iyJI jt J>JI) JoUJI iJ* Juj „P r j^U 
. 5/^5 {j>*y-\* ^U-i? 5 Ji^Li* iJip 5P5 J^j »y 




. Sj* JS r 5^U a^IMI *UiVl j* n JjjLu 

Permutations of n Different Things Taken r at a Time 

n P=n(n-l)(n-2)--(n-r+l)= T -^— 
(n-r)! 

n Pr = nP n = n(n- l)(n-2)«»» 1 = n! < r = n Jop 

I aJUI JoLdl ^ JT JL^-jl I 7-3 Jlli 
Example 7-3: Evaluate the following permutations: 
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(a) 5 P, (b) 5 P 2 (c) 5 P 3 (d) 5 P 4 (e) 5 P 5 



(a) 5 p . = 5 

(b) 5 P 2 = 5 • 4 = 20 

(c) 5 P 3 = 5 • 4 • 3 = 60 

(d) 5 P 4 = 5*4* 3»2 = 120 

(e) 5 P 5 = 5 • 4 • 3 • 2 • 1 = 120 

j^jlTUI ^ ^Uc-i! 4 l^j ^\ j^UI sj± Jl^jI : 7-4 J& 

Example 7-4: Determine the number of ways in which 4 persons can take 
their places in a cab having 6 seats. 

6 P 4 = 6 • 5 • 4 • 3 = 360 
Permutations with Some Things Alike, Taken All at a Time 

P 5!_ 

n.In^!--- 

. n, + n 2 + n 3 + ••• = n 
o^l+j 7 j c^L^j eiUai! 3 ^ jA\ si* : 7-5 Jll* 

. oJl?-Ij iU-P JiL» J J J*aj JUti 10 ^JLp 

Example 7-5: The number of ways 3 dimes and 7 quarters can be 
distributed among 10 boys, each to receive one coin, is 

jol = jo^8 = 120 

3!7! 1 2-3 
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Circular Permutations JjJUUt 

. (n- 1)! Syb Jjp- iibi^Jl n 3j* 

A, i^sb oJUoi* J j»^*-»jl>- ^j^H ^^-il o • 7-6 JIjU 

. ii> (10- 1)! = 9! 

Example 7-6: Ten persons may be seated at a round table in (10 - 1)! = 9! 
ways. 

Combinations JidljUl • 

ac , 3* Sj-e i c , b , a jJi ji' j j£j JJ 

. b , a ^pJJ JjJLj 2 ^ j Jb-I j jJji ' ba , ab jl . be , ab 

. OjaM ^ r Sj^U *L«i\fl 
. oyJl ^ 4 5Syi-L f- L^I 9 J-ily iJLP Jjb. 9 C 4 dUJJ 




. 5j* JS r oiy-U liill**! tUfth > n 
Combinations of n Different Things Taken r at a Time 

c _n p r = n! = n(n-l)(n-2)---(n-r+l) 
" r r! r!(n-r)! r! 

'<-*yM j-o lg_bLy jSUj. j&\ jJL oUiUxJI : 7-7 J 1x4 
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Example 7-7: The number of handshakes that may be exchanged among a 
party of 12 students if each student shakes hands once with each other 
student is. 

lA =- T i2L_ = J2UJLi! =66 

12 2 2!(l2-2)! 2!10! 1-2 

. oLL-j»Ji tx^,. : j JULP Jl*- -Lulu ^^Jl jj3UJI 



. f-L^Vl ^ n (n-r) ijif- 

. iJUl jJljxJI JlstjI : 7-8 Jtlt 
Example 7-8: Evaluate the following combination: 

(a) 5 C, (b) 5 C 2 (c) 5 C 3 (d) s C 4 (e) 5 C 5 

(b) 5 C 2 =ff=10; (c) 3 C 3 =fj|=10; 

5 4 1-2-3-4 5 3 1 2-3-4-5 

. JaljJI i-u ^Js j»UJIj -U-JI y> JS3 015" aJU- <Gl Ja»*i 

Combinations of Different Things, Taken Any Number at a Time 

1 2 < 1 5iy-U iaJL^JI *L-i\ft n jJbJ C J^ljxJI ^Jlp ^U^l 

C = 2 n - 1 
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. 2 4 - 1 = 15 Ifc^ i^iJl ^ aJU^I J^IaJI ->JlP 

Example 7-9: A woman has in her pocket a quarter, a dime, a nickel, and 
a penny, The total number of ways she can draw a sum of money from her 
pocket is 2 4 - 1 = 15. 

Combinatorial Notation <g£l>UI jj • 



0 

r (n-r)!r! U j 



. r< n j *>*tr>* <s> ^IapI r < n 
. jljJu J^jl : 7-10 Jill 

Example 7-10: Evaluate each expression: 



W C) W 6KK) 

(.) f 7 L_" = _2L = 2^±£L =7 . 5= 35 

\3) (7-3)!3! 4!3! 413-21 

(b) "l* !L.±ZL, 

^7/(8-7)17! 1!7! 1-7! 

(c) f 9 L-^ 2L.J--1.1 

{9 J (9-9 )!9! 0!9! 0! 1 

(of(5-0)!0! 5!0! 0! 1 
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The Binomial Theorem j-tJ^M ulJ • 

. \j£ (a + x) n dli ^SUaII ^r^o n lii 

(a + xNa" + na"-^il^a"-V + n(n - l)(ll - 2) a -V 
2! 3! 

n(n-l)(n-2)---(n-rt.2) , , 
(r-1)! 

. jjJlS j! jjJ^I oli aJ^LhaJI oifc (Jlp jJlL 

5-4 = 5-4p-2-M 5-4-3-2-l = 5! _ 5! (5\ 
2! 2! (3-2-1 f 3-2-1-2! 3!2! (5-2)!2! (2 J 

n (n- 1 )(n-2 ) _ n(n- 1 )(n-2 )• - -2 • 1 _ n! (n ) 



3! (n-3)3! (n-3)3! {3) 

(a+xNa"* , ~*t a"- 1 x+ / n \ a"- 2 x 2 + • • • 
(n-l)!l! (n-2)!2! 

+ i — r — th p a n - r+l x r -'+ • • +x n 

(n-[r-l])!(r-l)! 



(a-fxNa n +f n ja n - l x + f n ia n 2 x 2 f 



1M' 



► l x r-l + ... + x n 
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(a + x) n Ajfr* ^ 4j\ Ji^^ 
. (n 3* ^ JT i^ji ^i)n = x^l + a^l (l) 
. v_x>- y> gf*^* 9 n n + 1 ijJt>Jl (2) 

ajjL-^o oIjL-aj oLtgjJI \J&\ ijJL>JI o^Ul** (5) 



(a + x)° 1 

(a + x) 1 1 1 

(a + x) 2 12 1 

(a + x) 3 1 3 3 1 

(a + x) 4 1 4 6 4 1 

(a + x) 5 1 5 10 10 5 1 



. (a + x) 3 dli : 7-11 Jill 

Example 7-11: Expand (a + x) 3 . 

(a+xf=a 3 +3a 2 x+^ax 2 +^ix 3 =a 3 +3a 2 x+3ax 2 +x 3 
1-2 1-2-3 
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• J^t. (a+x) n j1jla».U ^l^t J>JI '<* 

Mil i H _ n(n-l)(n-2)--(n-r+2) , , 

= n(n- 1 )(n-2 )• ■ • (n-r+2 )(n-r+ 1 )• • -2 ■ 1 ^.^^ 
(n-r+l)(n-r)---2-l(r-l)! 

,j|JI j^JI=-t — F — ~ r a n - r+, x r -' 

^ y ( n _[ r _l])!( r _l)i 



. 0>U3I fU^-L (x + y) 15 J ^LJ! J^JI .,...,^1 : 7-12 JldU 

, vi • .in n ( a ,^- n(n-l)(n-2)- (n-r+2 ) , t 

Example 7-12: Compute the sixth term of (x + y) 15 using the formula 

rthtermof (a+x f= " (n- 1 )(n-2 )• • • (n-r + 2 ) , , 
(r-1)! 

n-r+l = 10 , r- 1 = 5 , n-r + 2=ll , r = 6 < n= 15 iiU J 

^U! jbJI » 15 ' 1 t'"' 12 .'" x l V"3003xV 
w 1-2-3-4-5 

Simple Probability iWJ! utf Utf-tfl • 

. C^jJLJI JUifl-t 4jjL^« h + f J^Lil oJlA JS'j ^ f iJLP 

(^Uj 4JLp jLL.) Aj^UJI Oj-b~ JUi^l vlUJJ 

h = h 
P h+f n 
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f a f 
Q h+f n 

ciJUa ^^Ls n = h + f ^i*^ 

q=l-pj f p=l-q,p+q=l 

yiU- ^yili . h/f h : f jjh ij'aL>- iJL»jJ^>- lJL> ^ ^j-^Jt 

ojJ JU^»-I p cJlS' la j . f/h jl f : h tfaU- ^jJl^- ^jlp 

U^Aj p/1 - p jl p : q = p : (1 - p) ^* Uo-^ ^ Oj&i tfaU 

. (l-p)/p q:p = (l-p):p ii":>UJt <J1jjJu>- pJit 

Compound Probability 2uS>tl utfUk-Vl • 

^jJl_>- ^Js- CjjJl>- jlT 131 ^JL5x-^ ^1 jl J^'aU- ji JUL, 
JUjc^-li Oj^o ^ *jy& J iJU-p LJafl cUjo»j laj ciAJjJ 

. 4*1 ./i a; a II p^j'VLft>x^t c-> j-si 
. 1/2(1/2)= 1/4 ^ i-oLJI 

JLj^-t Pj jLT ial . ^jJl&^»* j-j^p ^iSM jl ^^^'aU- <ji j-^s\ 

iJ'aUJI ojj^ jlju c^L^t p 2 j ^jMl 4->\>UJ1 
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JLo-^l asJUII £\>UJI v^jl*^- iJlsJI ttiUJlj 

• P, • P 2 • P 3 • • • v*^-r^' u - *^ oU'iUJI JS* 

5 Ly _U J^s^J! o^U^-l ^ U , j 4*1*5 c~*j bj : 7-13 Jilt 

Example 7-13: If a dice is thrown, what is the probability of getting a 5 or 
a 6? 

P(5 or 6)=P (5 )+P(6 )=± + ±=2=± 
o o o 3 

j^JLp Jj-*a»Ji JU*>-I jjb U . j*j 4jJa5 lil : 7-14 Jdi 

Example 7-14: If a dice is thrown, what is the probability of getting number 
less than 4 or an even number? 

IL^I jUp^I .3.2,1^ <*Ja3 4 <y Jsl Aj^I 
U«J ^il^Jl j-jU I^Jai . 6 * 4 * 2 aj^s 

- 132 - 



+ P(4^ J50 }= P(yrJjji4^jsQ 

{ P^rjj J 4 ^ J5I) - P (^j) 

_ 3 , 2_I_ 5 
6 6 6 6 

Binomial Probability j^J^I uli uVUjW • 

j Si, Ala 4 JjU*a L$ -i A_JiL>- it»jJ_>- JLaJ^-I j_a p OLlT lij 

O^Lfc*>-l Uj— Soa eJyii* iijLa^o ^ J.^flv,^ L^jl JUs>-1 q= 1-p 
o^U^l . n C pV o^U^JI ^ n J ol^l j-o r ^jJ^ 

p n + n C 1 p n - 1 q+ n C 2 p n - 2 q 2 + • • • + n C r p r q n " r 

-J j_>JL>JI ^3 Jl>. n-r+1 Jji £ja« jljUuJl 11* 

. (p + q)" 

Conditional Probability IjbjM u*UIp*VI • 

i_j\>U- v^jJb- JL^-l . i^sJI o^Lo^l l$Jp jLL> cJ'Jb- 

jLsj. A 4_S\>UJi £»jJL^ B ttjUJI £>jJb- JU^-I . ^j^l 

. P(B|A) <J1 

ol^^SDlj *bj— JI ol^l jy» iJLP ^ JjJuu* ' 7-15 Jill 
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OjS t^.-T ... O^L-A^-lj . 15/56 ^j-* *\jAJ~ O^J *\±yM 0^ <^J>z^ 

ojS o^L^t ^ L^i < 3/4 ^ J/W 4^J\ ^ 

. t>\*J*~ JjVl 4.>,.,.U jt C.,*1P lij ijUJI 4.,.>r,..U ^ fi\jAS>- 

Example 7-15: A box contains black chips and red chips. A person draws 
two chips without replacement. If the probability of selecting a black chip 
and a red chip is 15/56 and the probability of drawing a black chip on the 
first draw is 3/4, what is the probability of drawing a red chip on the second 
draw, if you know the first chip drawn was black? 

d J _S' aj'jLp- yt> R j f b^. 'i£ \^>^m #.iU- B jlS' li) 

Jl ^ frl^-^ l£ O^Uj^I P(R|B) OjSOj ^i^r^ 

I DX _ P(R and B) _ 15/56 _ 15 4 _ 5 
P(R|B)- P(B) — 374~-56'3-14 

jliJl i^JI ^ 5/ O^U^-I ^* 5/14 dj$k ^AiJJ 

. Jj^l i^—JI J c~>~ Ji fbj^JI gjSai jt (JUS* £• 
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INDEX uUMI Uli 







Conditional equation 

Conditional inequality 

Conditional probability 

Constant CjIj 
Continuity JUai'l 
Coordinate system 

oUtj^l f Uai 

Coordinates oLjIjl*-}/! 

Counting principle Ji*JI SApIS 

Cramer's Rule y>l jS' oJLpU 
Cube of a binomial 

Cubic equation 

Decimal ^ ^Jij 

Decomposition dtt 

Degree i>- 

Denominator ^UJI 
Dependent equations 

'i}jbL~* j** cSi$\ju> 

Dependent variable jJcj» 
Descartes' Rule of Signs 

Determinants £j\sj&u> 
Difference Jj^ 
Discriminant ^.*.Jt 



Abscissa 

Absolute inequality 



Addition 
Algebraic expressions 

Algebraic fractions jj— 531 
Arithmetic mean ^L-sJi Ja-.jx*JI 
Arithmetic sequence 

Associative properties 

Asymptotes 
Binomial 
Braces 
Brackets 
Circle 

Coefficients 
Combinations 
Common difference A JjUJI 
Common ratio 'i£ I i-^jj 1 
Completing the square 

Complex fractions i^yJI 
Complex numbers i-S^dl il-Lc-SM 
Complex roots ^LS^I jjJb>Jl 
Compound probability 
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Geometric series 

Graphs LJ 1 ^1 1 

Graphical representation 

Greatest common factor 

pJipSfl J^x^lJI J-UI 
Grouping ^^.xli 
Harmonic sequence 

Horizontal asymptoics 

iJaMl iV,UJI -U^kiJI 
Identity iiUa^fl 
Imaginary unit <t)*>^ 1 S I 
Improper fractions j** 
Independent events 4Uv.ua tfaU- 
Independent variable J a?...* ^JLlo 
Index JJi 
Induction ^U^-l 
Inequalities oLjLzo 
Infinite geometric series 

Infinity iJl^j 
Integers *»«*»*-^ 
Integral root theorem 

Interception form 

Interest pU^b'ill J*** 



Dividend pmiJI 
Division iU— JiJl 
Divisor 
Domain 
Double roots 
Equations 
Equivalent fractions o ^JiU* jy*£ 
Exponential form iu-l ii-ws 

Exponents 1 
Extremes 

Factor J- 6 ^ 
Factor theorem J*ol^*J! Sj^lai 

Factoring J*Ijp J I JJb^J I 

Formulas ^\ y 

Fourth proportional g\J 1 <■ .... LxJ I 
Fractions jj— ^ 
Function *3b 
Fundamental counting Principle 

Fundamental Theorem of Algebra 

Fundamental theorems 

Fundamental operations 

Geometric means 

Geometric sequence 
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Natural numbers 




Intermediate Value Theorem 


Notation 






Number system alAp^l io^Lia 


Inverse property ^ISUi^i ^w»U- 


Numbers 




Irrational number 


Numerator 






Odds 




Irrational roots 


Operations 






Ordinate 


y 


Inverse property ^l&o^l S~^U- 


Origin 




Least common multiple 


Parabola 






Parentheses 




Like terms 4JL?UxJI ijJbJI 


Partial fractions 




Linear equations aJ»>JI o^UaJI 


Pascal's triangle 




Lines -U^LiJI 


Perfect nth powers 




Literals ^J.r- 




Logarithms o Ujjj U jJJ 1 


Permutations 




Mathematical induction 


Point 






Polynomial equations 




Mean proportional 






Polynomial functions 




Means oLL-^wJl 




Minuend <u« ^^Ld! 


Polynomials 




Monomial jl»JI iol*-l 


Positive numbers 




Monomial factor ^aU-I J-«U 


Powers 




Multinomial ^.l>JI o^iS" 


Principal 




Multiplication Vj-^' 


Probability 




Mutually exclusive events 


Product 






Products i 




Natural logarithms 


Proper fraction 
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Scaling 




Properties of numbers 


Sense of an inequality 


<Uj LvaII OjLi] 


jI-ApSM dis- 


Sequence 




proportion i_— .Uj 


Series 


flu ... 


Proportional i^U^o 


Sets 


olii 


Proportionality LuJ 1 


Shifts 




Quadrants F^j^ 


Signs 


oljLi^l 


Quadratic equations 


Simple probability 










Quadratic formula 


Simultaneous linear equations 






uiJI o^l~Jl 


Quotient <U-Jfll t-jU- 


Slope 




Radical equations 


Solutions 






Special products 




Radicals jjJL»JI 


i^o Li- 




Radicand jji^JI 


Square 




Ratio i-— J 


Subtraction 


C> 


Rational fractions S3 1 j^— £31 


Subtrahend 




Rational function hjSW JljjJ! 


Sum 




Rational number 'i) iJ ^SS\ jIjlpS/1 


Symmetry 




Rational root theorem 


Synthetic division i^S j£\ 4* ,„j\\ 




System of equations o^U* iAj!a^» 


Real numbers 4 .a...a,-»J 1 ^1 Jlp Si 1 


Terms 




Reciprocal ^ ^ju> 


Trinomial 




Rectangular coordinate system 


Variable 






Variation 




Relation is }U 


Vertical asymptotes 




Remainder ^W^l 


OjUd IfjLi^- 


Remainder theorem 


zero 




Roots jjj^Jl 
Rules of signs oljLs,yi S-XpU 
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If your life is too busy to spend hours ploughing through weighty textbooks, and 
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